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DEFINITION 
CUTE massive collapse (atelectasis) 
of the lung is a definite clinical entity 
characterized by more or less airlessness of 
a lobule, a partial or entire lobe, a whole 
lung or even of both lungs. It is rarely 
seen without some measure of increased 
or retained secretion which may be exces- 
sive and which rapidly becomes purulent. 
Dependent upon a variety of predisposing 
factors, its final incidence is, practically 
without exception, due to complete occlu- 
sion of a bronchus or a bronchial branch 
with subsequent absorption of the retained 
air, and its area is definitely limited to 
that part of the lung served by the bron- 
chus so occluded. 

The most important premonitory symp- 
tom is a moderate elevation of tempera- 
ture; the most notable subjective sign is 
dyspnea, and the most reliable physical 
and roentgen finding is displacement of 
the heart toward the involved lung. 

Described with surprisingly few errors 
more than seventy-five years ago, it has 
in recent years been rediscovered as a 
postoperative complication. One object 
of this paper is to demonstrate that such a 
limitation of the subject is misleading and 
that the consideration of massive collapse 
may not be, with safety, omitted from any 
branch of lung diagnosis. 


NOMENCLATURE 


There is still a confusion of names which 
is a hindrance to study and perhaps even 
to understanding. Two terms, collapse and 
atelectasis, are In common use. Each word 
has the merit of correct derivation, com- 
mon usage and clarity of meaning. 

Analysis of thirty-eight titles of articles 
written since January 1, 1924, titles in 
which one or the other of these words was 
used, shows that collapse appeared twenty- 
three times and atelectasis fifteen times. 
The Quarterly Cumulative Index, pub- 
lished by the American Medical pee cca 
tion, lists both terms under the head 
collapse, there being no separate heading 
for atelectasis. Therefore, although my 
title was listed on this program as “‘atelec- 
tasis,” with collapse in parenthesis, I 
have finally chosen to use the word 
collapse, placing atelectasis second to it. 
The stated objections are that the term 
collapse was previously applied to the 
condition of the lungs as found in pneumo- 
thorax and in pleural effusion. The fact 
is, however, that in both mstances we 
think and write pneumothorax and effu- 
sion, collapse being a constant but un- 
written part of the idea conv eyed. While 
both words are absolutely correct, col- 
lapse is simpler and has the merit of 
distinctly wider use. I believe that broader 


* Read at the Second International Congress of Radiology, Stockholm, Sweden, July 23-27, 1928, and at the Twenty-ninth 
Annual 
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understanding of the subject will be 
furthered by using the term collapse 
exclusively. ‘““Obstructive,”’ used by Coryl- 
los and Birnbaum,*! conveys a thought 
which is very desirable for correct diagnosis 
and therapy. 

“‘Apneumatosis,” suggested by Fuchs®! 
and by Hewitt,***> and proposed again 
recently by Coryllos and Birnbaum,‘ 
has no greater merit of clarity and is, at 
best, an awkward word. In one title “‘non- 
pneumatic collapse” was used. 

“*Postoperative” is a widely employed 
and very useful adjective, even if it does 
lend distinction to a causative factor which 
is not always operative in this condition. 

“Lobar” and “lobular” may be used as 
defining location and extent but should 
not be understood as distinguishing types. 

“Active collapse” is, I believe, an 
inaccurate term which may very well be 
dropped. 


HISTORY 


The rediscovery of massive collapse of 
the lung and particularly the relating of 
this condition to postoperative and post- 
traumatic states dates from the 1910 
paper of Pasteur;'*” but we find that, how- 
ever its antecedents may differ, and what- 
ever its surrounding circumstances may 
be, there is, in its pathology at any rate, 
nothing really new. With almost unbeliev- 
able lapses, its history goes back from that 
date for sixty years or more to contribu- 
tions of extraordinary merit, and the more 
so if we consider the handicaps of that day. 

Willshire,?’ writing in 1853, gives a 
detailed account of the events, beginning, 
he thinks, with Schenk in 1811, through 
which the differential diagnosis between 
lobar and lobular pneumonia had passed. 
He found evidence that “Wilbrandt, in 
1816, Eberhard in 1817 and Lucae in 
1819” followed, with clear recognition of 
a post-mortem state in the lungs of infants 
which they regarded as congenital or 
a 

due to the musculi bronchiales not being 
as yet sufficiently accustomed to the rhy- 
thmic order of respiration.” 

In 1830 Alderson,? writing on the 
“Pathology of Hooping Cough” describes 
4 autopsies in children dying from that 
disease and gives an accurate description 
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of partial collapse which he clearly dis- 
tinguishes from any inflammatory process 
but to which he assigns no name. Willshire, 
however, credits him with first linking 
the atelectasis of Joerg with the assump- 
tory collapse of the lung, afterward (as 
we shall presently find) playing so impor- 
tant a part in the hands of Bailly and 
Legendre. 

Dugés in 1821 and Shallgruber in 1823 
also gave clear descriptions of autopsy 
findings. Up to this time, however, Will- 
shire says that all held the theory in one 
way or another of congenital non-expansion. 

In 1834 Joerg'!? wrote on a particular 
condition of the lungs of newborn children 
and more fully worked out this subject 
in 1835, at which time, so Willshire be- 
lieves, was first applied the term atelecta- 
sis. Barlow® in 1841 reported atelectasis 
from the pressure of dilated heart. In one 
case this seems to have been accentuated 
by obstructive bronchitis. 

Gairdner,® in a review (1854) credits 
Duges (1821), Louis (1829) and Joerg 
(1832) with recognizing the condition post 
mortem, each of them calling it “‘carnifica- 
tion,” and each realizing its points of dif- 
ference from pneumonia. Louis found it in 
19 out of 46 autopsies after death from 
typhoid fever. These were amplified in 
his work on fever in 1841. Louis offers no 
speculation as to the origin of the condition. 

Rilliet and Barthez'? in 1841 give this 
description of carnification: ““The lung in 
this state is externally collapsed, soft and 
flaccid instead of full hard and resistant 
as in pneumonia. Its color is violet marked 
by white lines, disposed in lozenges or 
squares, defining the lobules. There is no 
crepitation on pressure. On incision, red 
color, smooth, resisting pressure of finger, 
so as to be penetrable with difficulty; 
exuding upon pressure a serus bloody liquid 
destitute of air. Its appearance, very like 
the close compact fibres of a muscle, has 
given it its name. The carnification may 
be marginal or some part of a lobe. The 
middle lobe is the only one we have seen 
entirely invaded.” (Perhaps the first men- 
tion of a massive collapse.) They consid- 
ered this condition as a terminal phase of 
pneumonia. 

Willshire describes the ensuing con 
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troversy, which seems to have been heated 
and complicated by a scramble for priority. 
He concludes that “nothing less than a 
complete unsettlement of the whole sub- 
ject as related to new born children and 
infants seemed inevitable, in consequence 
of the v lews thus being enforced concerning 
atelectasis.” A sort of compromise, how- 
ever, was attempted by some: it was 
admitted that a “fetal condition” of the 
lungs frequently occurred in children who 
died a short time after birth, and in whom 
the acts of respiration had been very 
imperfectly performed, and that, of course, 
mere atelectatic symptoms and 
were not those .of inflammation. 
at the same time sought to estab- 
lish that if, under such circumstances, 
life had been prolonged to some extent, an 
inflammatory condition supervened, and 
then after death the effects of the two 
conditions were so intermixed as to baffle 
all solution. As to “‘carnification,” 
its analogies to the atelectatic state were 
admitted, one or two regarded it as a result 
of chronic pneumonia, while others denied 
the explanations thus offered but could 
afford 
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not any solution of the matter 
themselves. 
We have thus stated enough to carry 


the subject onward to the year 1844 when 
the memoir of Legendre and Bailly ap- 
peared which c: aused quite a revolution in 
the history of lobular pneumonia. 

Legendre and Bailly!2* established the 
autopsy identity of congenital non-expan- 
sion with a return to a similar state, 
“etat foetal,” in lungs which had once 
expanded. Though they attributed the 
collapse to the elasticity of the lung 
parenchyma, acting because of lack of air 
entrance, their several articles created 
profound impression and mark a distinct 
turn and advance in the literature. (Quoted 
under ‘‘ Pathology” q.v.) 

Mendelssohn ' in 1845 and Traube”® 
in 1846, in very similar research, 
mentally occluded bronchi with 
paper and (Mendelssohn) gum arabic 
paste, and produced collapse. Traube 
especially expressed doubt as to the 
mechanism and its practical import, and 
though he expressed the belief that “‘we 
stand here, as it is seen, on the confines of a 


experi- 
shot, 
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territory that can only be conquered for 
science by sufficient clinical and patho- 
logico-anatomical investigation, combined 
with systematically ordered experiments,” 
he seems not to have entered much further 
into this ‘“‘territory.’’ Lichtheim, later, 
wrote of Traube as having marked the 
path for him to follow. 

The first systematic treatise that I find 
originating in the English language 1 is the 
first edition of Charles West’s “Lectures 
on the Diseases of Infancy and Child- 
hood” (1850).24° (This book 
ran through six editions, each of whic 

was promptly re- -printed in America.) 
In a chapter entitled “Collapse of lung 
that has once been expanded- described as 
lobular pneumonia by various writers—its 
characters, symptoms and differences from 
true pneumonia,” West shows familiarity 
with collapse as a feature of disease of the 
lung and clearly recognizes its separation 
from the inflammatory states. Despite his 
belief that Legendre and Bailly were wrong 
in their conception of the etiology of 
atelectasis (they believed it to come on 
from engorgement of the pulmonary circu- 
lation), West says that “‘they have thrown 
more light on the affections of the lungs in 
infancy and childhood than all the writers 
of the previous ten years taken together.” 

As one goes only a little into the history 
of this matter, there develops the thought 
that each important contribution ts 
promptly minimized by some word or 
act of the contributor. Thus West closes 
this lecture by excusing the brevity of it, 
‘“‘in consideration of its extreme rarity In 
this country.” 

Fuchs® in 1845 wrote in criticism of 
the then accepted conception of “lobular 
pneumonia” and considered it to be a 
disease condition of the mucous membrane 
of the bronchi combined with a contingent 
lesion of the pulmonary vesicles similar to 
that existing normally in the fetus, and 
proposed the name “‘apneumatosis (see 
Nomenclature). Thus we see that the three 
terms proposed today, atelectasis, collapse 
and apneumatosis, were all used before 
1850. Our choice need not be prejudiced 
by any thought that one or the other has 
important priority. 


In 1850 Gairdner,® then a youth of 
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twenty-six and pathologist in the Univer- 
sity of Edinburgh, wrote an extended 
study of lung collapse quoted at length in 
this paper. Very much therein stands 
unimproved to this day. His theory 
that collapse came from the action of 
artially inspissated mucus acting as a 
Pall valve at bronchial bifurcations, is 
almost wholly discredited today, but has 
had from time to time worthy support, 
as by Dixon and Brodie, Jackson and 
others; and even now, can we be so sure 
that in the earlier stages of collapse this 
may not be to some extent a factor? 
Three years later Gairdner®* wrote a 
painstaking review of the current litera- 
ture of collapse in his time, and then for 
some reason, perhaps his growing enthusi- 
asm for abi health work, dropped it 


entirely. Though he continued a brilliant 
professional life with much writing to his 
credit, | am unable to find that he ever 


again wrote any word about lung collapse. 

In 1852 Meigs'*® addressed the Phila- 
delphia Medical Association on “ Atelecta- 
sis Pulmonum.” Confining his address to 
children, Meigs gave, however, a clear 
differentiation between this condition and 
bronchial pneumonia. Although West’s 
book was republished in Philadelphia in 
1850 Meigs seems to have drawn his 
inspiration not from West but from ‘“‘a 
small work on Atelectasis Pulmonum,* by 
Dr. George A. Rees.” Again, “it (the 
breathing) presented also the character 
presented by Dr. Rees of London, which is 
a peculiar sinking inwards, or depression 
of the walls of the chest during inspiration.” 

In a paper in the first volume of the 
Transactions of the New York Academy of 
Medicine, Foster®® showed familiarity with 
the work of Alderson, West and Gairdner. 
He gave as causes: “‘Whatever occasions 
imperfect action of the muscles of respira- 
tion and whatever impedes the passage of 
air through the bronchial tubes.” “‘ These 
are causes which may operate at all periods 
of life.” Under “‘treatment,” Foster out- 
lined a sensible nursing regimen with an 
occasional emetic, concluding: “If by 


* Gairdner also refers to this book as of 1840 but I have been 
unable to trace it further. Dr. Geo. Owen Rees wrote at this 
= upon a variety of topics, listed in the Catalogue of the 

urgeon General’s Library, but “Atelectasis Pulmonum” is 
not among them. 
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these means we do not save our patients 
we shall at least have the satisfaction of 
knowing that we have not hastened their 
death by treating antiphlogistically mala- 
dies which have nothing in common with 
inflammation.” 

Stokes” (1837) understood mediastinal 
displacement as a sign and result of 
“vesicular emphysema of  Laennec.” 
Stokes’ book must have been an authority 
in its day for it is more than worth while 
to read it now. With this in mind, it is 
difficult to understand how Gairdner, 
Jenner, Hewitt, Lichtheim, and others, 
before Pasteur, failed to recognize medias- 
tinal displacement in the condition which 
may, for analogy, be termed the compensa- 
tory emphysema of massive collapse. 

While the work of West, Meigs and 
Foster seems to represent the entire Ameri- 
can knowledge at this time, there was much 
writing and counterwriting in Europe by 
those who did or did not agree with 
Legendre and Bailly, with Rilliet and 
Barthez'’ taking a middle ground. Hewitt** 
wrote in 1857 of apneumatosis, preferring 
this term taken from Fuchs to the more 
commonly used atelectasis. Jenner!''' 
(1857) wrote: “While complete obstruc- 
tion of a bronchial tube is followed by 
collapse of the pulmonary tissue on its 
distal side; partial closure of a tube has 
as its consequence, dilatation of some of 
the air cells of the part of the lung from 
which it leads, etc.”’ This observation was 
confirmed fifty years later by the research 
of MacCallum. In 1861 and again in 
1867 Bartels'!:'? made extended autopsy 
studies in the lung affections of croupous 
diphtheria, finding atelectasis as a com- 

lication when the bronchi were closed 
a the membrane. (Jackson and his col- 
leagues have recently drained such cases 
by the bronchoscope.) Bartels accepted 
Gairdner’s ball-valve theory but ques- 
tioned whether complete collapse could 
come about in this way alone. In 1871 
Hewitt furnished a chapter on apneuma- 
tosis for Reynolds’ System of Medicine 
and Hertz*? wrote of atelectasis in Ziems- 
sen’s Cyclopedia. It must be said, however, 
that with the exception of the work of 
Mendelssohn, Traube and Gairdner, ate- 
lectasis failed to attract general attention 


XX1, No. 2 
and that when noticed at all it was con- 
sidered as an affliction of children. 

In 1879 Lichtheim'** repeated Traube’s 
experiments more accurately by the use 
of laminaria tents. Combining bronchial 
occlusion with ligation of bronchial vessels, 
he proved conclusively that collapse would 
occur only when the blood circulation was 
unimpeded. Lichtheim also studied the 
rate of absorption of gases and found that 
oxygen or carbon dioxide was absorbed 
rapidly while the absorption of nitrogen 
was much slower. This has since been 
abundantly confirmed. This remarkable 
research by Lichtheim seems not to have 
been given any clinical application. 

With the exceptions mentioned, noth- 
ing was added to the knowledge of atelecta- 
sis as the reviews of Gairdner and of 
Willshire left it in 1853. Sewall pertinently 
refers to this period as a “conspiracy of 
silence” and such it was so far as clinical 
application was concerned. 

In 1890, Pasteur! published his paper 
on pong? paralysis after diphtheria 
as a cause of pulmonary complications. 
Pasteur was impressed with the belief that 
the collapse found at autopsy, usually 
at both bases, was directly due to phrenic 
paralysis. 

Cabot” in 1905 noted that “‘in most 
individuals a normal atelectasis of lung 
margins can be demonstrated by examina- 
tion before and after forcible repeated 
respiration. Resonance may be increased 
over a width of one inch.” (It does not 
appear that in this or any later edition 
was true massive collapse with heart dis- 
placement recognized.) Weinberger?! in 
1906 reported a left lung collapse from the 
yressure of an aneurysm upon the left 
oronchus. Barr" reported in 1907 what Is 
possibly the earliest record of a postopera- 
tive lung collapse. It does not seem to 
have occurred to him that there was any 
definite etiologic relation proceeding from 
the operation—removal of tuberculous 
glands from the groin of a youth. Though 
the collapse was of a size to be primarily 
mistaken for pleural effusion, displacement 
of the heart was not recognized. 

The first recorded recognition of heart 
displacement in a case of lung collapse after 
Stokes*°’ seems to be that reported by 
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Samuel West,”" in 1907, ina case of plugging 
of the bronchus in plastic bronchitis. West 
sketched the displaced heart and medias- 
tinum and studied its probable mechanism, 
arriving at the conclusion now generally 
accepted. 

In 1908 Pasteur’s second paper? 
appeared. Other cases of post-diphtheritic 
= alsy were included and several 
see cases of adults, in all of whom 
phrenic disability was a prominent feature. 
West’s case was quoted but no further 
comment upon the heart displacement was 
made. This paper closed w th the following 
sentence: ““This observation may throw 
some light on the nature of post-operative 
lung conditions.” 

Also in 1908 MacCallum" published 
researches which see under “Etiology.” 

In 1910 Pasteur! wrote under the title 
“Active Lobar Collapse of the Lung 
after Abdominal Operations,” and here 
the real modern conception of this condi- 
tion began. At this time Pasteur makes the 
first recorded mention of heart displace- 
ment as a cardinal diagnostic sign. Also 
this is the first definite mention of col- 
lapse as a type of postoperative complica- 
tion. Pasteur here that “‘active 
collapse of the lung from deficiency of 
inspiratory power, will be found to occupy 
an Important position among the determin- 
ing causes of postoperative Jung complica- 
tions.” In 1911 Pasteur'® the 
annual oration before the Medical Society 
of London: ‘Post-operative Lung Com- 
plications.” Here was presented an analy- 
sis of 3,559 surgical operations in Middlesex 
Hospital, 1906- 1910. There were 201 pul- 
monary complications with 45 deaths; 
88 cases were classed as pneumonia and 
12 as massive collapse.* 

Pasteur’s final contribution’® appeared 
in 1914, and in point of description and 
diagnosis but little has been added. The 
practical stimulus given by Pasteur’s 
work can scarcely be over-estimated, 


* Comparing this 1911 oration with the paper of 1910 one 
discovers a curious illustration of the difficulty continually 
encountered in teaching the principles of massive lung collapse to 
those who are at the beginning. In 1911 Pasteur says: “‘The 
meché anism of the cardiac displacement is not difficult to under- 
stand,” and in two. lucid sentences he explains it. The year 
before, he wrote: “‘The heart signs require somewhat fuller 
consideration. The displacement toward the affected side is very 
difficult to account for.”” Then, following a labored quarter 
column he adds: “The explanation of this must, I think, be left 
open for the present.”” In that year (1910-11) Pasteur graduated 
from student to authority 
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though there has been and is a regrettable 
lack of familiarity with it. In American 
literature the paper usually quoted, per- 
haps because in American print, is the 
one of 1890. It seems that the condition 
dealt with in 1890 and 1908 differs widely 
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a new era, nor wholly from the fact that he 
was first to recognize the great importance 
of collapse among postoperative lung 
complications, and first to point to heart 
displacement as the great clinical sign, but 
also because there is, as yet, no better way 


Sir William T. Gairdner. 


from that so completely depicted in 1910- 
1git, and 1914. These continued quota- 
tions from the earlier papers and neglect 
of the later ones is no small factor in the 
difficulty still experienced in getting 
the truth to the top (see Types under 
Pathology). Also in 1914 Elliott and Ding- 
ley®* reported 11 cases and confessed to a 
belief that many others had passed unrec- 
ognized. As a result of these observations 
and personal research, they definitely con- 
cluded that phrenic paralysis does not of 
itself cause massive collapse which they 
found due to bronchial obstruction. They 
rejected the theory of bronchial contrac- 
tion or spasm. Pasteur’s last contribution 
to the te em was a letter to the editor of 
Lancet'** in which he took issue with these 
conclusions. Never wholly satisfied with 
‘the reflex diaphragm inhibition” hypothe- 
sis, Pasteur was never able to accept the 
bronchial occlusion theory.* 

This extended reference to Pasteur is 
given here, not only because he introduced 


*In a recent (October, 1928) communication, Pasteur, now in 
retirement outside London, writes: “‘I am quite unrepentant as 
regards the plug theory which in my experience is only infinitel 
rarely the cause of lobar collapse, the condition I have domiied. 

ave come across only one well authenticated case, which was 
published by West of St. Bartholomew’s. Having started the ball 
rolling | am naturally much interested as a pure spectator in 
what is happening to it.” 


Dr. William Pasteur. 


Dr. Henry Sewall. 


to gather a practical understanding of 
the subject than to study Pasteur’s devel- 
opment of it in this unique observation 
over a period of twenty-four years. 

During the World War, British surgeons, 
notably Bradford,?! and Crymble,** re- 
ported numerous cases among the wounded 
and much speculation arose from the cu- 
rious fact that many of these showed col- 
lapse contralateral to the injury. As to 
thought of etiology Pasteur seems to have 
been followed generally, particularly so 
by Bradford and by Briscoe,?* who in 
1920 published an elaborate study of the 
musculature of the thorax. 

The first communication in American 
literature, after Pasteur, was the paper by 
Scrimger'* of Montreal in 1921. Reporting 
7 cases in a series of 540 operations, 
Scrimger tentatively held the theory of 
vagus reflex followed by viscid secretion 
and, finally, absorption of the retained air. 
In the same year (1921) appeared the very 
important work of Sewall'®! of Denver. 
Taking no notice of surgical or military 
reports, Sewall began his study with the 
works of Gairdner, Willshire and Lich- 
theim and developed his study as related 
to physical examination of the chest and 
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particularly with regard to pulmonary 
tuberculosis. In this field Sewall’s contri- 
bution stands almost alone. His repeated 
slogan, ‘“‘Think Atelectasis,” in other 
words, approach no chest examination 
without the thought that here may be 
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ing directly with collapse, while in 1927 
there were half that number in the one year. 


ALLIED CONDITIONS 


Under this heading are considered the 
following conditions: 


B 


Fic. 1. Typical “drowned lung”’ 
gives homos geneous sh: idow. B- 


from inorganic foreign body 
—Immediately after removal drainage is sufficient to disclose heart shadow and 


A 
(small electric lamp). a—Before removal entire lung 


show bronchi as negative shadows, but heart displacement is greater than before because drainage has lessened 
the size of the affected lung and therefore increased emphysema of the opposite lung. 


some appearance or phase of atelectasis, 
placed a much sede emphasis upon the 
frequency of non-traumatic 
collapse. 

The invention of the bronchoscope by 
Killian in 1897 and its improvement by 
Jackson in 1904, and since, and the wide 

variety of conditions to which he has 
adapted began, even before Pasteur’s 
work, to broaden the general understand- 
ing of intrapulmonary conditions of which 
very little had been known. This and 
Jackson’s success as a teacher are certain 
to have an influence upon the subject in 
hand, the far-reaching value of which 
affords wide range for imagination. 

The more recent history is well known, 
and its makers are liberally quoted else- 
where in this paper. As illustrative of the 
premise that massive collapse is every- 
where waiting to be recognized, it Is 
interesting to note the rapid increase In 
the number of essays upon this topic. In 
the six years, 1921-1926, there are in the 
accompanying bibliography 48 papers deal- 


massive 


(1) those which are pre-existing and 
co-existing disease, 

(2) those which differential diagnosis 
must rule out; 

(3) those which occur as complications, 
and 

4) those which remain as sequelae. 

Tuberculosis (Sewall') is frequently 
complicated by large or small areas of 
collapse. Malignancy may produce collapse 
either by bronchial obstruction or by pres- 
sure upon lung parenchyma. 

Diphtheria, either as diphtheritic bron- 
chitis (Jackson'*:), or by its sequel, 
diphtheritic phrenic paralysis (Pasteur!) 
should never be handled without full 
consideration of collapse as a complication 
or sequel. 

The complication, “drowned lung,” a 
term first used by Johnston in connection 
with foreign bodies and referred to by 
Jackson,’ Manges,'*® Leopold,!*> and 
others, exists as a complication In many 
cases. In fact, the writer has seen but one 
case report in which roentgen-ray findings 
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were recorded, where drowned lung can 
be definitely and wholly excluded (Fig. 1). 

When we remember that the terminal 
bronchi are less than 0.5~nm. in diameter 
and that the alveoli are slightly larger, 
remembering at the same time the constant 


Fic. 2. Metastatic hypernephroma, shown here because of the extreme obstructive emphysema. 


secretion of moisture needed as an 
adjuvant to oxygenization and for regu- 
lation of body heat, the absence of drown- 
ing is more difficult to explain than its 
presence. That it is, unquestionably, 
greater and more frequent in foreign we 
cases than in other forms of massive col- 
lapse is due to the fact that the obstruction 
occurs in these cases abruptly and without 
previous disturbance of lung secretion 
which continues until impeded by its own 
increasing pressure; while in massive col- 
lapse, as a complication, the great, and 
possibly only, determining factor is an 
inflamed, irritated or compressed mucous 
surface, the secretion of which has already 
slowed up or has ceased and become thick- 
ened by evaporation. 
That pneumonia may be frequently 
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related to collapse either as an antecedent, 
a complication or as equel, there is abund- 
ant evidence. Coryllos and Birnbaum sug- 
gest an even more important relation. 
In their study of experimental atelectasis 
in dogs*® these writers were impressed with 


a 


many points of similarity between this 
condition and lobar pneumonia. The more 
important which they have enumerated 
are as follows: 


“(1) The lobar distribution. 

“(2) The rapid onset of symptoms. 

“(3) The almost identical clinical symptoms except 
for the most toxic element in pneumonia. 

“(4) The very rapid improvement after the release 
of the obstruction in atelectasis, and after the crisis in 
pneumonia. 

“(5) The more usual location in the inferior lobes, 
particularly the right. 

““(6) The x-ray findings. 

“*(7) The gross pathology.” 


After developing their experimental work 
Coryllos and Birnbaum conclude that 


“lobar pneumonia is a pneumococcic massive 
atelectasis of the lung.” “‘Bronchoscopic 
liberation of the occluded bronchus has already 
given conclusive results in massive atelectasis 
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and even in post-diphtheritic pneumonia. If 
we are right in the interpretation of the clinical 
facts presented, bronchoscopic aspiration in 
pneumonia, at least in the early stages, would 
be indicated.” 

**A human case has been bronchoscoped and 
the findings corroborated our experimental 
observations. The bronchus corresponding to 
the affected lobe, and only this bronchus, was 
occluded by mucous exudate. 


While this one case was perhaps not a 
brilliant one, it can hardly be doubted 
that the patient was benefited. Crisis 
started within four days, the chest was 
clear by physical and roentgen signs in 
nine days and the patient was discharged, 
cured on the fourteenth day. Be this as it 
may, careful observers can hardly doubt 
that, at least as a complication, collapse 
plays a very important rdle in many cases 
of lobar pneumonia. 

Thoenes,”* Wallgren,? and Griffith” 
have all written concerning displacement 
of the heart in the pneumonias of children 


Thoenes regards these as due to complicat- 
ing atelectases, while Wallgren and Grif- 


fith believe that the heart is displaced 
away from the emphysematous but other- 
wise uninvolved lung. The case reports all 
strongly suggest complicating, or perhaps 
pre-existing, “collapse. It may be well at 
this point to go back and consider the 
dictum of Gairdner that‘. emphysema can 
only occur in the presence of atelectasis 
or collapse, which in some measure dimin- 
ishes the volume of the other lung.” 
Bronchopneumonia, lobular pneumonia 
(if fairly stated, the pneumonia which is 
not lobar pneumonia) was discountenanced 
as a name by Louis, Legendre and Bailly, 
West, Williams, Gairdner, Fuchs, Bartels, 
Hewitt and Lichtheim, and still it is as 
constantly in use as if they had never lived 
and worked. May we not sum up the whole 
matter, in a manner dogmatic but at least 
brief, by accepting this forgotten dictum 
that: “Bronchopneumonia Is a bronchitis 
with partial lobular ‘patchy’ collapse,” 
the collapsed areas being infected with 
organisms less virulent than the pneumo- 
coccus? Certainly no other theory so 
readily fulfills the conditions. Lee and 
Tucker! quite accept this view that, 
“Arrest in these collapsed areas of the 
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small emboli which are usually scattered 
through the circulation after all operative 
procedures inv olving blood vessels, as 
proven by Cutler, is an explanation of the 
mechanism of post-operative broncho- 
pneumonia. The clinical picture of the 
so-called cases of post-operative or post- 
anesthetic pneumonia in so unlike true 
lobar pneumonia seen by the internist that 
it is strange that we have so completely 
accepted this diagnosis up to the present 
time.” 

Embolism and infarct have a relation to 
massive collapse which, at best, is obscure. 
Churchill says, While pulmonary embolism 
does not cause atelectasis, it is possible that 
an area of collapse may alter the pathologi- 
cal course of an embolism lodging there.” 
I believe that accurate diagnosis will 
surely reduce the number of cases of 
embolism and infarct as proportioned to 
massive collapse. 

Abscess. The definite relation between 
lung abscess and partial lung collapse was 
well understood by Gairdner. He wrote: 


“In regard to the characters of these 
abscesses, as distinguished from tubercle, my 
observations almost exactly concur with those 
of Dr. West. In one point alone I am disposed 
to differ from him. He seems to regard the 
abscesses as not formed in truly carnifted lung, 
because the condensed portions are not always 
exactly circumscribed by the interlobular 
tissue. I believe this appearance will be fully 
accounted for by the fact that when bronchial 
abscesses occur, the bronchitis is usually 
general and intense, and the collapse corre- 
spondingly diffused. Besides, I have found 
bronchial abscesses, and their results, in exactly 
circumscribed lobules, in repeated instances; 
and that the tissue in which they occur is 
mostly collapsed there can be no doubt, from 
the whole of its ordinary and microscopic 
characters.” 


Churchill and Holmes** present 6 cases 
of chronic pulmonary suppuration show- 
ing lobar atelectasis. “This association 

may be explained either as atelectasis 
secondary to a focus of pulmonary sup- 

uration or, as we suggest, chronic intra- 
becnchieid stagnation superimposed on a 
primary atelectasis. Such primary lobar 
atelectasis is found in the so-called massive 
collapse of the lung and 4 of our sick 
patients date their symptoms from inci- 
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dents known to be associated with this 
disorder.” It is, of course, by no means 
implied that this is the only origin of non- 
tuberculous lung abscess. Such is cer- 
tainly not the case. 

Obstructive emphysema described first 
by Iglauer”** and later elaborated by 
Manges and others of the Jackson Broncho- 
scopic Clinic, seems to be satisfactorily 
established by them as dependent on valve 
action by the obstructing body or sub- 
stance, air entering more easily than it 
can depart. Jackson reports having seen 
this action taking place while watching 
a foreign body in the roentgenoscope. 
MacCallum"! introduced sections of 
rubber tubing into excised lungs which 
were then suspended in a bottle so as to 
be expanded and contracted by changes in 
the negative or positive air pressure about 
them, and demonstrated that though 
alternately expanded and contracted, there 
was a continuous gradual increase of 
inflation. There are, therefore, two plausi- 
ble theories of slightly differing mechanism 
either of which, in a given case, may have 
been the active process. 


ETIOLOGY 


A great part of the discussion of etiology 
is still on a theoretical basis: First, there 
have been put forward the causes external 
to the lung: 

(A) Paralysis of the diaphragm or a 
part of it. 

(B) Fixation of the diaphragm, because 
of pleuritis or by traumatism to the upper 
abdomen. 

(C) Reflex action 
“insult” to the vagus. 

(D) Various nerve injuries or disturb- 
ances causing incoédrdination of the dia- 
phragm or parts of it with the other 
respiratory muscles. 

Second, causes within the lung causing 
obstruction either from 

(1) Partial plug acting as a ball valve, 
the air finally leaving the lung because, 
in these instances, the expiratory air 
stream is less impeded than the inspiratory. 

(2) Actual plugging of the lung with 
collapse, caused specifically by circulatory 
absorption of the air distal to the 
obstruction. 


from injury. or 


‘ 
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To these are added many contributory 
causes. 

Paralysis. Legendre and Bailly'** hinted 
at this as a contributing cause in 
infants, judging that a partial cause was 
the weakness of the patient whereby air 
failed to reach parts of the lung, especially 
the thinner margins. The paralysis theory 
is mainly due to Pasteur.'*’ His early 
work was with the postdiphtheritic phrenic 
palsies of children, and he found atelec- 
tasis, usually bilateral, in many autopsies. 
When, some years later, he began to study 
lung collapse as a postoperative complica- 
tion, this long painstaking experience 
influenced his opinion mainly. 

This theory was supported by Brad- 
ford?!:*2, and others, but while Pasteur 
was doubtless right in ascribing to paraly- 
sis the major réle in the postdiphtheritic 
cases it must be remembered that these 
were fatally ill children and that phrenic 

alsy in comparatively healthy adults 
a not been Sonal to be a considerable 
etiologic factor. Elliott and Dingley® 
quite failed to so produce collapse experi- 
mentally. Sante'” rejects this theory and, 
as do others, calls attention to the fact 
that it does not occur when phrenic palsy 
is deliberately produced in man as a part 
of the pneumothorax treatment of pul- 
monary tuberculosis. ‘‘ Besides,” he says, 
“you do not get paralysis of the diaphragm 
(in clinical atelectasis). It is immobiliza- 
tion in a high position, evidently a defense 
reaction. This high position is maintained 
after the lung is completely reinflated.”’ 
Crymble** reports a war-wound case in 
which there was complete paralysis of all 
the muscles of respiration except the left 
half of the diaphragm without any opacity 
in the lung areas. 

Fixation as a cause has been advanced 
by many. The specific mechanism within 
the lung would be similar to that of paraly- 
sis, the collapse occurring gradually be- 
cause of lessened respiratory movement. 
Tidy and Phillips,** and Crymble** pre- 
sent this theory. Lee and Tucker'' and 
many others accept it as a contributing 
cause, and we will consider it under that 
heading. 

Reflex action, especially some interfer- 
ence with the vagus, has many supporters. 
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Bradford,*! while mainly following Pas- 
teur, suggests that the vagal stimulation 
of the constrictor muscles of the bron- 
chioles may be a cause, but offers no 
evidence. Sante'”’ quotes Bradford with 
approval and advances the theory that 
“once approximated, the walls of these 
bronchioles are held in apposition by 
cohesion, collapse rapidly following owing 
to absorption of the alveolar air by the 
circulating blood.” Dixon and Brodie* 
lend some experimental support to this 
theory. They say that “the broncho- 
constrictor fibres run in the vagus; none 
are found in the sympathetic. Contraction 
of the bronchioles may lead to collapse or 
over-distention of the lung depending upon 
the force of inflation on one ad and the 
time allowed for deflation on the other. 
In the dog and rabbit typical bronchiolar 
constriction follows immediately vagal 
stimulation.”’ On the other hand, Schroeder 
and Green'‘ found that “repe: ated pinch- 
ing of the phrenic nerve during operation 
(done for research) caused 
reflex response but no later er 

Later when, during removal of a tumor 
from the neck, they found it bade to 
cut the phrenic nerve it was done unhesitat- 


ingly and resutured without untoward 
effect. Scott'® believes that ‘“‘we are 


justified in concluding that there is some 
reflex mechanism which produces, either 
directly or secondarily by 
obstruction.” There are many who accept 
this reflex as a contributing ae 

There remains the theory o 
that by various causes as, for 
localized diaphragmatic pleurisy, a failure 
of coédrdination “of respiratory 
particularly opposing portions of the dia- 
phragm, the collapse results thereform as 
in the theories of paralysis and fixation. 
This would be quite easily dismissed were 
it not for the elaborately painstaking 
anatomical study that Briscoe has made 
of the respiratory musculature. Never- 
theless, the conclusion seems to be unwar- 
ranted as a major factor in the production 
of collapse. 

Auer and Lewis’ conclude from an 
experiment: al study of anaphylaxis that: 

“Lungs of a guinea pig killed by immediate 
anaphylaxis are distended and in an 


secretion, an 


Briscoe?* 


instance, 
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inspiratory position so that the diaphragm 
is pushed down.” 

“This immobilization of the lungs, 
which is due to broncho-constriction, is of 
peripheral origin, for the destruction of the 
spinal cord and medulla affect in no 
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Fic. 3. Illustration taken from Gairdner’s 1850 thesis, 
showing his conception of the origin and valve-like 
action of the mucous plug. 


appreciable way the promptness and extent 
of the response to the injection of the toxic 
dose.”” Whether this observation has any 
practical relation to our topic may well be 
doubted but those who are reluctant to 
drop the reflex theory of etiology may find 
the reference convenient. The production 
by MacCallum'*! of emphysema by 
broncho- constriction is referred to again. 

Turning to causes within the lung, there 
are few writers who fail to note the pres- 
ence of obstructing mucus in at least some 
cases. Pasteur never accepted this theory 
and Bradford rejects it as a major or fre- 
quent cause because of repeated failure to 
find such plugs at autopsy. Sante and 
others admit its presence but consider it 
as only a secondary cause. 

The principal controversy among those 
who recognize the presence of a mucous 
plug as a main factor is as to the mechan- 
ism of its action. Legendre and Bailly'** 
wrote of abundant, thick mucus which 
accumulates in the bronchial tubes of the 
infant, which at best expectorates only 
imperfectly, and add that “this mucus is 
positively the best obstacle for the free 
circulation of air in the bronchioles.” But 
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it was Gairdner® who, in 1850, first under- 
took to ascribe to the mucous plug the 
major réle in the production of sales 
(Fig. 3). 


“The bronchi are a series of gradually 
diminishing cylinders, dividing, for the most 

art, dichotomously. If a plug of any kind, 

ut especially one closely adapted to the form 
of the tube, and possessing considerable tenac- 
ity, be lodged in any portion of such a cylinder, 
it will move with much more difficulty toward 
the smaller end, and in doing so will close up 
the tapering tube much more tightly against the 
passage of air than when moved in the 
opposite direction into a wider space. If 
such a plug be placed over a bifurcation it 
will, even if freely moving in the larger space 
in which it lies, be of sufficient bulk to fall 
back upon one or other of the subdivisions 
during inspiration, in the manner of a ball- 
valve upon the orifice of a syringe, and thus 
completely to occlude it (see Fig. 3). The conse- 
quence of this mechanical arrangement must 
inevitably be, that at every expiration a por- 
tion of air will be expelled which, in inspiration, 
is not restored, partly owing to the compara- 
tive weakness of the inspiratory force, and in 
part to the valvular action of the plug. If 
cough supervene, the plug may be entirely 
dislodged from its position, or expectorated, 
the air of course returning freely into the 
obstructed part; but if the expiratory force is 
only sufficient slightly to displace the plug, so 
as to allow of the outward passage of air, the 
inspiration will again bring it back to its former 
position, and the repetition of this process 
must, after a time, end in perfect collapse of 
the portion of lung usually fed with air by the 
obstructed bronchus.” 


Gairdner was impressed with the idea 
that he could actually hear this valve 
action taking place. 


“When the tubes become really obstructed, 
the sound of vesicular respiration is at some 

ints of the lung much diminished, or it may 
Be altogether lost, and the bronchial rales are 
correspondingly modified, indicating the pas- 
sage of a smaller quantity of air with a much 
greater amount of resistance; the ordinary 
mucous rattles being supplanted in part by 
the sharp ‘clicking’ and valve-like sounds so 


well described by Dr. Williams.” 


It is doubtful whether anyone today will 
accept this statement. Indeed, it seems that 
em any writer today is aware of the 
extent of Gairdner’s really remarkable 
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work, marred only by this one mistake. 
He went so far as to write with some 
derision of those before him who had 
suggested, theoretically, the possibility 
that circulatory absorption might partially 
account for atelectasis. 


“It is not a little surprising that this simple 
and clear mechanical mode of explaining the 
collapse should not have occurred to Dr. 
Fuchs who, in accounting for the disappearance 
of the air in the experiments of Mendelssohn 
and Traube, finds himself reduced to the theory 
of its absorption into the blood-vessels. Surely 
nothing can be more superfluous than such an 
explanation.” 


The ball-valve theory was, I think, 
original with Gairdner, and his lucid 
presentation of it seems to have been 
accepted without question where his work 
made any impression at all, for the follow- 
ing thirty years, and was given unqualified 
support by Rilliet and Barthez.'”* It is 
true that Bartels'! expressed doubt that 
the bronchi leading to the atelectatic areas 
always contained obstructing mucus; and 
expounded his own theory that the obstruc- 
tion arose by spastic contraction of the 
bronchi from irritation, with a_ simul- 
taneous swelling of catarrhal membrane. 
He argued that increased resistance causes 
a decreased inflation at inspiration while 
the expulsion of the air is brought about 
by compression to which the lung parts are 
subjected by frequent and violent coughing 
spells. This explanation evidently did not 
satisfy Bartels himself for he continues, 
“It does not seem plausible to me that 
this pressure from without upon the lung 
pret alone be sufficient to completely 
deflate the lung.” 

It was Lichtheim!** who first disputed, 
effectively, this theory, unfortunately mag- 
nifying Gairdner’s error and minimizing 
the other truly remarkable aspects of his 
work. Lichtheim’s great contribution was 
that of calling attention to his conviction 
that “all forms of atelectasis come about 
by absorption of the living air through the 
blood circulation.”” He proved conclusively 
that areas of lung tissue distal to a plugged 
bronchus became atelectatic if the circu- 
lation were not interfered with, but that 
no collapse occurred if the blood vessels 
to that part were tied. There seems little 
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purpose in calling attention to later 
expositions of the valve theory in the 
etiology of collapse, for in recent years It 
has been quite discarded. On the other 
hand, the conception of obstructive emphy- 
sema wholly apart from the theory of 
valve-like etiology is difficult, perhaps 
impossible. When, however, we remember 
that the autopsied lung never completely 
collapses I cannot imagine that valve- 
like action could possibly empty air from 
a lung, in life, agaist a constantly increas- 
ing negative intrapleural pressure—pressure 
great enough, as we shall see, to sharply 
displace the entire mediastinal structure 
and to continuously hold it to the un- 
natural position. Even if we must reject 
Gairdner’s®™ ball-valve theory of the mech- 
anism of collapse, he must be given credit 
for much. He knew what produced col- 
lapse if he did miss the mechanism of it. 
The following from his thesis might well 
have been written yesterday: 


“‘In considering, as a whole, the causes which 
tend to produce bronchitic collapse, they seem 
to resolve themselves into the following:— 
Firstly, the existence of mucous in the bronchi, 
which is more liable to produce obstruction 
according as it is tenacious and viscid: secondly, 
weakness or inefficiency of the inspiratory 
power, however caused; thirdly, inability to 
cough and expectorate, and thus to remove the 
obstructing mucous. Of these conditions the 
first must be considered as the immediate 
exciting cause, the others as _ predisposing 
causes, co-operating with the first, but inca- 
pable without it of producing collapse.” 


Elliott and Dingley®* are credited with 
the rediscovery of the mucus plug complex 
and, from a clinical standpoint, the credit 
seems due them. They studied 11 cases 
and confess that ‘“‘undoubtedly more 
occurred during that time for we did not 
systematically study every case of post- 
operative pneumonia.” They 
the possibility of collapse occurring (A) 
by active compression: (1) from outside, 
(2) the elasticity of the alveolar wall, 
(3) a hypothetical quasi muscular con- 
tractile power of the alveolar wall, and 
(B) by absorption of the air when the 
bronchioles are obstructed, owing to (1) 
inflammatory edema and secretion, (2) spas- 
modic contraction of the bronchiole mus- 
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cles, and selected B-1 as the real cause. 
‘In all our cases there was the possibility 
of such local obstruction for every patient 
had muco purulent expectoration before 
or immediately after the onset of collapse. 
We regard this as the essential cause of 
the phenomena.” They accepted Licht- 
heim’s experiments as complete and tried 
several nerve resections of phrenic and 
other respiratory nerves in cats. No col- 
lapse occurred. Accepting the bronchial 
plug as the actual cause in their 11 cases, 
they admit the possibility of other causes. 
“The eleven cases which we observed 
agreed closely with Pasteur’s description. 
One feature he laid little stress upon and 
that we regard as critical. All had muco- 
purulent expectoration and fever (101 to 
103) wrt: the collapse. There is no 
reason why fever should develop in a simple 
non-septic case with reflex inbsbatia and 
‘active’ collapse. The chief criteria are 
fever, the greenish mucopurulent sputum 
and the displacement of the heart. These 
together give the distinction from pneu- 
monia or pulmonary embolism, the latter 
disaster being suggested, in the worst cases, 
by the acute onset of pain and cyanosis.” 
Previously (1908) MacCallum,'! taking a 
leaf from Lichtheim’s book, developed a 
very ingenious technique by which he was 
able to introduce a pea into a bronchus, 
producing atelectasis. By a similar tech- 
nique he produced partial obstruction 
with short sections of rubber tubing fitting 
within the bronchus, and produced obstruc- 
tive emphysema. 

To quote or even enumerate the sup- 
porters of the mucous plug theory, since 
Elliott and Dingley, would be burdensome. 
Pasteur'®! quotes them in the same year 
with scant approval, and apparently held 
in this last paper much the same opinion, 
expressed three years previously’ that 
“the early occurrence of viscid expectora- 
tion in most cases deserves notice. The 
sputum at first probably consists of the 
contents of the collapsing lobe which are 
pressed back into the large bronchi and 
coughed up. But if expectoration continues 
for more than 24 hours it probably indi- 
cates the supervention of bronchitis or 
broncho-pneumonia in the re-expanding 
lobe or in some other part of the lungs.” 
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Recently, 1928, Coryllos and Birnbaum?! 
have thorou ‘Aly refined the experimental 
work of Lidithein. Working with a col- 
lapsible rubber “balloon” they have been 
able not only to produce bronchial obstruc- 
tion at will but to relieve it as readily or, 
in other cases, to experience spontaneous 
cure. For the balloon they use a piece of 
closed end rubber tubing, that provided 
as a cover for the Kollman urethral dilator, 
and cover it with a limiting bag made 
from organdie. Fitted to a short section of 
glass tubing, which carries a one-way 
valve, the balloon is introduced through a 
bronchoscope and, in situ, filled with 
potassium bromide solution. It is thus 
rendered visible for roentgenscopic control. 
The retaining valve may allow slow leak- 
age and thus the effect of spontaneous 
cure by coughing the partially emptied 
obstruction. 

Coryllos and Birnbaum conclude after 
“‘a careful study of the clinical symptoms, 
the physical phenomena, the roentgen-ray 
observations on serial pictures and the 
pathologic and bacteriologic condition of 
our animals convinced us that there is 
but one cause in the production of collapse 
of the lungs, and that is the more or cas 
temporary, but complete, occlusion of a 
bronchus by a plug of mucus acting as a 
foreign body, and intercepting completely 
the penetration of air into the portion of 
lung depending on that bronchus. Com- 
plete obstruction is an indispensable factor 
for the production of this syndrome. The 
other causes in its etiology act only as 

redisposing factors; the only actual cause 
ae in our opinion, the complete occlu- 
sion of a 

Lee, Ravdin, Tucker, and Pendergrass, '*! 
working simultaneously with Coryllos and 
Birnbaum but independently, have intro- 
duced into the bronchus of a dog a mucous 
mass or plug removed from a man by the 
bronchoscope. They have also used gum 
arabic solution of similar consistency and 
have secured typical collapse by both 
methods. It was first necessary to inhibit 
the cough reflex and this was done by 
intraperitoneal injections of amytal, to 
ae one interference with the bronchial 
surfaces such as might arise from other 
cough sedatives. : 
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The fairly unanimous acceptance of the 
mucous plug theory (there is probably now 
no writer who does not admit that, in at 
least some instance, it is the terminal 
cause) is so well presented by Mastics, 
— and McNamee! that I repeat it 

ere. 


“1. Physical examination of patients 
immediately following operation and at various 
intervals thereafter has shown that atelectasis 
does not occur until several hours have elapsed. 
This argues against the sudden production of 
atelectasis by means of a reflex vagus mecha- 
nism and shows that time must elapse during 
which there is an accumulation of mucus lead- 
ing to bronchial obstruction. 

“*2. In a number of instances, we have been 
able to anticipate the development of atelec- 
tasis in patients under anesthesia, who gave 
evidence of increased secretion in the respira- 
tory tract. We have applied the term ‘wet 
patients’ to these cases. 

“3. The finding of mucus plugs by Jackson 
and Lee in two cases at necropsy, and the 
demonstration of such plugs in vivo. Nearly 
all observers have noted the presence of muco- 
purulent expectoration. 

““4. Reinflation of the atelectatic lung fol- 
lowing bronchoscopic aspiration of the mucus, 
as described by Tucker and Manges. 

“5. Recurrence of atelectasis following reac- 
cumulation of mucus in the bronchial tree, in 
amounts sufficient to produce obstruction. 
The cycle of secretion-obstruction-atelectasis- 
aspiration-reinflation has been completed seven 
times in one case, reported by Hearn and Clerf. 
It would be difficult to explain this phenomenon 
on the basis of stimulation of the vagus.” 


Convincing as has been this research 
work and clinical observation, we may be 
sure that the conclusions quoted will not 
be everywhere accepted without question. 
believes with Bradford*! that 
autopsied collapse patients in whom no 
such accumulation was found make accep- 
tance of this theory as the only cause, 
nearly or quite impossible. Gwyn’:7! cites 
Wookey’s case” the trachea in which 
became occluded with food during anes- 
thesia, with immediate death, despite 
efforts at artificial respiration. Bergamini 
and Shepard'® report two sudden deaths 
immediately after operation (one of these 
also reported by Santee’). In these 3 
cases early autopsy showed both lungs 
totally collapsed. It is argued by these 
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observers that the time element was too 
short for so complete a collapse to be 
accomplished by air absorption. The pub- 
lished records of all three cases lack many 
desired details, but there are two possible 
explanations. In any case, it seems quite 


A 


Fic. 4. M. W., female, aged forty-three; 
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Golden” report similar cases. Junghagen!!* 
reports a case from the pressure of enlarged 
“‘sranulomatonic”’ glands, and one from 
the pressure of an aneurysm. Wessler and 
Jaches?!® record cases from obstruction 
bronchial 


by tuberculous nodes and by 


g 
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referred for roentgen therapy by Dr. B. M. Allen; metastatic malignancy 


of both lungs; massive collapse of right lung, presumably from bronchial obstruction. a—Expiration; B—in- 


spiration. 


Patient at this time showed but little more than ordinary dyspnea, but this rapidly became worse 


and she was unable to have further studies. Death occurred about six weeks later. 


certain that collapse must be well begun 
before objective symptoms arise and, in 
addition, it seems very probable that, with 
suffocation well toward accomplishment, 
we may expect overactive circulation to 
absorb the residual pulmonary air with 
much more than usual rapidity. However, 
I do not presume to have solved this and 
other mentioned problems. With all my 
enthusiasm for the obstruction theory | 
am not yet willing to demand that it be 
accepted as the only possible cause. 

Acceptance of the mucous plug theory 
entails the expectation of massive collapse 
from any occlusion of a bronchus. This ts 
repeatedly attested to by Jackson and his 


coworkers with bronchial foreign bodies 
both organic and inorganic. A case of 


massive collapse from bronchial occlusion 
by metastatic malignancy of the lung Is 
shown in Figure 4, and Ashbury® and 


fibroma. Manges reports a typical case of 
massive collapse occurring from mucous 
plug during one of the paroxysms in a 
patient with chronic asthma. 

I do elect, for now, to consider all 
‘auses not above mentioned as predispos- 
ing rather than actual. Chief among these 
is bronchitis. Nasal and pharyngeal catarrh 
and bronchitis are ever with us. Either 
latent or active, few people in the so-called 
temperate zones are wholly free from them. 
Even of those otherwise well situated 
hygienically, the great majority will spend 
a major part of their lives in an atmosphere 
over-heated and over-dried. The “mak- 
ings’’ of acute bronchitis are ever at hand, 
needing only a temporary inhibition of 
the protective factors, which have ordi- 
narily prevented their activity. These pro- 
tective factors are too often interfered 
with or neglected in the preoperative 
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hours. (See Prophylaxis, especially quota- 
tion from Whipple.) 

Morphine and Atropine. Despite the 
lack of unfavorable opinion and with due 
respect to a well established practice, 
I cannot avoid a conclusion that the pre- 
anesthetic use of morphine and atropine 
has a real etiologic aisles to the occur- 
rence of massive collapse. 

Jackson®:* has repeatedly spoken of 
cough as the “watch dog” of the respira- 
tory system. “There are certain circum- 
stances in which normal agencies are 
inefficient in ridding the system 
of excess secretion. Various drugs, and 
especially antibechics, hinder the action 
of the normal agencies; hence should 
always be avoided. The writer has always 
opposed their use in all laryngeal and 
tracheal surgery and in_ bronchoscopy. 
Doubtless, many of the post anesthetic 
pneumonias, in surgery remote from the 
air passages, have been due to the abolition 
of the agencies by which secretions are 
normally removed from the air passages.” 

“Does it not seem that we increase the 
risk of post-operative pneumonia by the 
preliminary or post-operative use of mor- 
phia in caked eins requiring a general 
anesthesia?” 

One surgical colleague agrees with me 
verbally and continues to use morphine 
and atropine routinely. Other friends 
express even less interest in my suspicion. 
The literature affords the scantiest detail. 
Scarcely any case histories mention such 
administration, though its use routinely 
seems to be all but universal. Lord!” 
says: “Probably administration of mor- 
phine after operation favors collapse by 
diminishing the impulse to cough.”” Hew- 
lett®® says: “Morphine and other opiates 
are usually to be avoided during bronchial 
obstruction and atelectasis. They decrease 
the tendency to cough, etc.’’ Not even to 
this extent do I find any written suspicion 
that the preoperative administration might 
be a factor. Indeed, the only mention 
noted, which exceeds two lines, is this 
from Pasteur:'*! “It is instructive to learn 
that since the practice of giving an injec- 
tion of menshins and atropine before 
anesthesia has become general at the 
Middlesex Hospital, there has been a 
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striking disappearance of respiratory dif- 
ficulty (hypersecretion and aspiration) 
during anesthesia, and a corresponding 
diminution of postoperative bronchial com- 
plications after major operations.”’ Under 
treatment, Mason'*® thinks morphine 
should be given to control pain incident 
to the operation and Gwyn"! says that “in 
the majority of cases the use of morphine 
in large doses is imperative.”’ Nevertheless, 
and with such cold comfort from others, 
I shall continue to “think atelectasis” 
whenever this routine is mentioned. 
Anesthetics. That massive collapse of 
the lung may occur when only a local 
anesthetic has been used, that many cases 
have so occurred and that the condition 
may occur when no anesthetic has been 
used is adequately proven. It seems to me 
that this by no means proves that general 
anesthesia may be absolved from all sus- 
picion as an etiologic factor. One who has 
over a period of years watched the adminis- 
tration of ether anesthesia cannot fail to 
remember case after case in which secretion 
was profuse, the patient giving every sign 
of respiratory irritation. Mastics, Spittler 
and McNamee'*®, and many 
others have sensed the added risk in these 
aients. Pasteur’! absolved the anesthet- 
ic but, so to speak, placed it in bad com- 
pany. “We may, I think, conclude that (1) 
ether, per se, is probably not a direct cause 
of pulmonary inflammation, and (2) that 
respiratory troubles during anesthesia, 
whether due to faulty administration, 
unsuitable method, surgical manipulation 
or the quality of the anesthetic itself, favor 
the aspiration of saliva, etc., into the lungs, 
and that in this way the anesthetic may 
become an important contributing cause 
of lung trouble. I have dealt mainly with 
ether in speaking of after effects because 
it has, more than any other anesthetic, 
been held responsible for them; but as 
already mentioned, I attach much more 
importance to disturbance of respiration 
during anesthesia than to the anesthesia 
itself.” At any rate, it seems that the best 
interests of patients in general will be 
served if the anesthetic ple the anesthetist 


are not too generously absolved from all 

responsibility for this accident. Patients 

wet 


experiencing the so-called anes- 
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thesia” should be watched with especial 
care, during the early postoperative period, 
in order th: at no premonitory sign of 
collapse shall be missed. 

The Operation. While massive collapse 
does indubitably follow certain operations 
with greater recognized frequency, I refuse 
to see in that any conyv incing argument for 
the theory of reflex. 

Scott and Joelson'** have done much to 
clear the atmosphere by pointing out that 
in some cases, at least, these operations 
entail a naturally selected postoperative 
posture, and that this posture may be one 
of the causes of, say, contralateral collapse. 
Further observation seems certain to 
amplify these findings. It has occurred from 
so trivial and remote an operation as 
circumcision,” and despite the oft repeated 
contrary statement, it has occurred after 
tonsillectomy, and it is by no means 
proven that collapse is not one of the 
antecedents of post-tonsillar lung abscess. 

There seems to have been no systematic 
roentgen-ray study of post-tonsillectomy 
patients, nor any systematic study of the 

remonitory signs and onset of post-tonsil- 
ee lung abscess. 

Following the findings of Scott and 
Joelson we note that the after care and the 
naturally assumed postures of these tonsil 
patients all tend to counteract collapse. 
They roll and toss, sit up to drink and for 
the commode, and no nursing advice nor 
admonition will prevent them from rather 
forcefully clearing the throat. Among the 
exceptional patients who do not do these 
things there will be found cases of partial 
and massive collapse and this will very 
possibly come to be listed as one or even 


the chief cause of post-tonsillar lung 
abscess, soon after the tonsil surgeons 


begin to “‘think atelectasis.” 


TYPE (SYMPTOMATIC) 

The condition may be considered as: (1) 
massive, involving a lobe or lung, and (2) 
partial, lobular or “‘patchy” when smaller 
areas are involved. 

The latter type has an especial impor- 
tance (Lee'”), in that it almost certainly 
affords frequently a lodging for minute 
emboli which, as Cutler*® has shown, are 
a constant result of all operative proce- 
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dures in which blood vessels are opened. 
Mastics, Spittler and McNamee’ suggest 
the following classification: 


Fulminant; with sudden onset and a stormy 
course ending by crisis, lysis or with 
complications. 

Moderate; with fairly well marked differential 
signs but of distinctly lessened severity. 

Latent; with little or no subjective symptoms 
but demonstrable clinically by physical 
examination and by roentgen-ray 
appearance. 


Evanescent; without subjective symptoms and 
with physical signs suggestive only or more 
commonly undiscovered, but demonstrable 
by roentgen ray. 


Of little practical importance, this type 
goes, and perhaps comes again, with change 
of position, deep breathing, etc. It doubt- 
less bears a very close relation to the 
physiologic atelectasis of Sewall,!*° Webb, 
Forster and Houck,?!! and others. 


SYMPTOMATOLOGY 


In by far the greater number of cases a 
rise In temperature is the first symptom of 
er collapse. This rarely exceeds 
102°F., and is probably at that time due 
more a disturbance of the heat regulating 
function of the lung than to any other 
factor. Any rise of temperature, after the 
postoperative reaction is over, should 
lead the physician to “think atelectasis.” 
If the chest be examined at the time of 
this premonitory rise in temperature it is 
probable that bronchovesicular signs of 
importance will be found. In the fulminant 
type this rise of temperature is rapidly 
followed by what Lee calls the “catas- 
trophe.” To one witnessing, for the first 
time, one of these attacks a lesser word 
seems most inadequate. The face is suffused 
and the expression anxious. Dyspnea is 
urgent and there is marked diepiiasaain 
The patient complains of a sense of tight- 
ness commonly amounting to real intra- 
thoracic pain. There is ordinarily a gradual 
remission of the urgent symptoms and, to 
some extent at least, this is coincident 
with a returning confidence on the part 
of the patient. Commonly a sort of equilib- 
rium is established within a few hours and 
from that time the course, even if frank 
and unmasked, is less urgent. The dyspnea 
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is better borne, the erythema and diaphore- 
sis is less marked, and the patient assumes 
a characteristic position with the head 
toward the affected side. Pain continues 
but is deep-seated in character, quite 
unlike that of pleurisy. 

It is this urgent type, with every sensa- 
tion a demand for relief, that prompts 
bronchoscopy and in which 
gains its most spectacular result. 

The onset may vary from this to a 
beginning so mild that only careful routine 
will detect it. Increased temperature, 
pulse and respiration rate are rarely 
absent. Cough in some degree is commonly 
present but in the early stages is sup- 
pressed in character. Expectoration is 
scanty, “gum drop”’ appearing, becoming 
mucopurulent and more profuse beginning 
with the abatement of symptoms. The 
crisis type of recovery is nearly always 
accompanied by an increase in expectora- 
tion, so much so that we have used the 
term, “‘recovery by expectoration.” 

The date of ds sa is frequently 
within twenty-four hours and commonly 
within seventy-two hours, though so long 
an interval as one ‘week or ten days is 
occasionally reported. The site of election 
has been reported as the right lower lobe, 
though Crymble* found the larger number 
of his series in the lower left lobe. Crym- 
ble’s cases were war wounded, several of 
them with contralateral collapse. Contra- 
lateral collapse was common during the 
war and is not uncommon among the post- 
operative cases. This feature has appealed 
to some as a support of the theory a olen 
etiology, but I chavs that Scott and Joel- 
son'* offer a more credible theory in assert- 
ing that the position which the patient 
assumes because of the discomfort follow- 
ing herniorrhaphy, nephrectomy or other 
operation, is the largest factor in deter- 
mining the site of collapse and, therefore, in 
producing this phenomenon. 


FREQUENCY OF OCCURRENCE 


This is admittedly a difficult question. 
We most certainly cannot believe that 
massive collapse occurs with confessed 
frequency in certain hospitals while in 
others, with practically the same percent- 
age of postoperative pulmonary complica- 
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tions, it does not occur at all. We persist 
in believing that the latter hospitals have 
not yet begun to “think atelectasis.” 
Cutler*® estimates the incidence of post- 
operative lung complications as “one in 
every 30 to 50,” while Mastics, Spittler 
and McNamee!” believe that approxi- 
mately 70 per cent of all such complica- 
tions are atelectasis. Lord!” found 14 in 
558 cases of pneumonia. Gwyn'!:? believes 
that “acute collapse as a complication of 
pneumonia has been under our eyes from 
all times.” The teaching of all this is that 
massive collapse occurs with sufficient 
frequency to make it distinctly important 
to “think atelectasis” whenever there is 
any postoperative lung complication, to 
say nothing of its occurrence in lung disease 
generally. 


PHYSICAL SIGNS 


Perhaps no other known condition 
affords such striking examples of the some- 
times wide difference between physical 
examination and physical diagnosis; be- 
tween the careful elicitation of physical 
signs and the formation of an accurate 
opinion from the interpretation of those 
signs. Sewall' says that: “It is highly 
probable that the condition of atelectasis 
as such is seldom recognized. Only when 
the examiner definitely thinks atelectasis 
will its signs usually be correctly appre- 
hended and will then be common enough. 
In the psychology of physical diagnosis 
nothing is more certain than that our 
apprehension of a_patient’s condition 
depends not upon what we know of physi- 
a da but upon what we consciously 
apply to the subject under investigation. 
If the examiner but thinks atelectasis, 
bears in mind the conditions of its occur- 
rence and applies the simple tests for its 
recognition, physical diagnosis of the 
chest will gain much in certainty.” 

One must begin with a realization that 
only in typical cases will there be typical 
signs. All physical signs will be modified by 
the position and size of the collapsed area. 
In the severe cases the distress of the 
patient and his actual, though perhaps 
unexpressed, resistance to physical dis- 
turbance must be taken into account. For 
this reason, as well as for merit inherent, 
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inspection is highly important. The patient 
does not lie straightened out in his bed but 
with the thorax contracted and fixed on 
the affected side. The corresponding shoul- 
der will be depressed toward the hip while 
the opposite shoulder will be correspond- 
ingly elevated. If the patient is spare, 
depression of the intercostal spaces can be 
seen; also their decreased width as com- 
pared with the uninvolved side. The 
decreased excursion of the diaphragm on 
the affected side, more commonly its 
fixation, should be noted. Cyanosis usually 
described as brick red, and the labored 
type of inspiration are striking. Present 
but perhaps less easy of detection is the 
lessened range of chest movement. We 
note with Scrimger'*:'** that we have not 
seen immobility nor was the position 
assumed even that of extreme expiration. 


Palpation with one hand on each side of 


the chest will occasionally detect lessened 
range of chest movement when the decrease 
is not enough to visualize. Vocal fremitus 
will be subject to variations in accord with 
the auscultation and percussion sounds. If 
obstruction is complete the vibrations are 
absent or present to a very slight extent. 
In “drowned lung there may be some 
transmission of the vibrations but this is 
usually slight’”’ (McCrae'**). Auscultation 
and percussion signs will be variable in 
conformity to the many 
location, area and the condition and 
position of adjacent lung parts. Ausculta- 
tion will vary from entire absence of sounds 
over a wholly collapsed lung to many, 
and sometimes paradoxical, rales when the 
adjacent parts of one lobe are in partial 
collapse or when a collapsed lobe is over- 
laid by an uninvolved lobe margin. This 
is particularly noted when involvement is 
confined to the lower right lobe. Similarly 
percussion will disclose large 
flatness or small areas of unimpressive 
dullness. Sewall'*® warns that; The physi- 
cal examiner Is wont to over-estimate the 
depth beneath the chest wall to which 
percussion and asucultation extend their 
informing signs. It is not unknown for the 
X-ray plate to disclose a relatively huge 
mass occupying the center of the lung, 
the existence of which has been missed by 
expert examiners. According to Weil,*'® 
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where the chest wall is moderately thick, 
no percussion vibration can penetrate the 
lung for more than 4 cm. (13g In.) in a 
vertical direction.”’ By far the most impor- 
tant characteristic sign is the displacement 
of the heart toward the involved lung. 
Pasteur,'®! Jackson and Lee,’ and many 
others say that the condition cannot be 
diagnosed with certainty unless this sign 
is present. Ordinarily lateral, it may in 
case of left-sided collapse be displaced 
upward well toward the axilla, but it is in 
the presence of massive collapse i in the right 
lung that the greatest heart displacement 
occurs. After fever displacement may be 
almost the only sign. A patient seen in the, 
Pennsylvania Hospital in June, 1928, not 
otherwise included here, showed displace- 
ment unmistakably with very few other 
signs. He was studied because of a slight 
elevation of temperature with very slight 
dyspnea. The only additional roentgen 
sign was a faint shadow at the left culls 
phrenic angle. By itself this shadow could 
not have been positively distinguished 
from that given by a small pleural effusion; 
yet the heart displacement was unmis- 
takable and particularly so on the following 
day when the case was fairly frank by 
other signs. 

To the physician wholly unacquainted 
with massive collapse the greatest diffi- 
culty arises in the effort to understand 
the mechanism of heart displacement. To 
rid the mind of a lifelong conception of 
lung collapse as a phase of pneumothorax 
appears often to give rise to real difficulty 
(See footnote page 105). 

It is true that in the early stages the 
actual condition of the lung involved with 
massive collapse may not differ greatly 
from that of another lung, collapsed 
because of pneumothorax, but this applies 
to the lung only. The effect upon all other 
organs of “the thorax is vastly different. 
In both conditions the lung is collapsed, 
though the massive collapse here con- 
sidered only rarely involves an entire lung; 
but in massive collapse the atelectasis has 
proceeded from causes within the lung 
and to some extent the negative pressure Is 
countered by sequences within the lung, 
as hypersecretion and engorgement. In 
pneumothorax, on the other hand, the 
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my I participation is wholly passive, the 
air being forced out by increased pressure 
upon the surface of the lung. 

In pneumothorax, the space normally 
occupied by the now collapsed lung, is 
filled by foreign air ballooning the pleural 
cavity. In massive collapse this compensa- 
tion is rendered by at least five factors 
mentioned here in what is perhaps the 
reverse order of their importance, viz., 
hypersecretion, circulatory engorgement, 
depression of the thoracic wall, elevation 
of the diaphragm and, most important of 
all, emphysema of the unaffected lung. 
Until these essential differences are clear, 
and until the potential mobility of the 
mediastinum (Sewall'*') is 
valued, one cannot by any possibility be 
in the way of understanding massive col- 
lapse of the lung. 

The displacement of the heart is, there- 
fore, due directly to the negative pressure 
of the affected side where the collapsed 
lung, or lung part, is occupying less than 
its normal area, leaving a space to be filled 
by whatever may be easier to get, and just 
as directly to the enlarged, from 
emphysema, unaffected lung. There bein 
no inspiratory expansion of the ts 
portion, all movement within the thorax 
must coordinate with the emphysematous 
opposite lung. The heart displacement, 
being thus responsive to the emphysema- 
tous lung, will be greater when the emphy- 
sema is greatest, I.e., on inspiration, and 
less when the emphysema is least, L.e., 
on expiration; hence the lateral excursion 
mentioned elsewhere. With the possible 
exception of Samuel West,” no one pre- 
ceding Pasteur had noticed this sign. 
Stokes?” noted mediastinal displacement 
but did not offer cardiac displacement as a 
diagnostic sign. Hewitt and Weil*" (1871 
and 1880), cannot be excused for omitting 
to mention this sign, if they knew it. 
Whipple*"* and Cutler and Hunt* must 
have missed it in their excellent presenta- 
tions of postoperative lung conditions for 
they do not mention it. Gwyn,”!:7? discuss- 
ing 250 cases of postoperative pulmonary 
involvement recently analyzed, says: 
“There was but one note that said that 
the heart was in position. Yet, many 
acutely developing cases of unilateral 
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consolidation were considered.”’ 


being 

Griffith,”® pediatrist of unusual experi- 

ence and acumen, says that “‘displace- 

ment of the heart is not always discoverable 

on percussion due — emphysema- 
J 


tous distention of adjacent edges of the 
lung.The ultimate diagnosis is believed to 
rest upon the radiographic appearance.” 
It is somewhat unfair to have mentioned 
these and to have omitted literally dozens 
of others. As a matter of fact, here is a 
phase of physical diagnosis pertinently 
comparable to violin playing, impossible, 
difficult or pleasurably easy in direct 
accord with amount of teaching and 
experience, to say nothing of talent, 
which one may bring to bear upon it. 
Roentgen-ray diagnosis of this condition 
will be considered, as I believe it always 
should be, as just another method of 
physical diagnosis. As in so many other 
fields, so here, roentgen diagnosis achieves 
its greatest reward when co-operation with 
other methods is most hearty. The roent- 
genologist is wholly dependent for his 
opportunity upon the attending physician 
or surgeon Me until these begin to “think 
atelectasis,” he will see only the cases 
whick are, more or less by accident, 
refer 2d because of a supposed diagnosis. 
It is doubtless this fact which largely 
accounts for the paucity of writing on this 
topic by roentgenologists. 
The following table (Table 1) of com- 
arison of the affected and the unaffected 
iin is repeated here for convenience.* 
The condition is best recognized by the 
roentgenoscope and to this fact may be 
ascribed the tardy appearance of roentgen 
methods in the study of collapse. Surgeons 


TABLE I 
ROENTGEN SIGNS OF MASSIVE COLLAPSE (ATELECTASIS) 


OF THE LUNG 
Affected Lung Opposite Lung 


Increased 1. Density Decreased 

Displaced toward 2. Heart and trachea Displaced from 

Elevated 3. Diaphragm Depressed 

Decreased 4. Intercostal spaces Increased 

Decreased 5. Phrenic and costal Increased 
excursion 

Curved from 6. Vertebrae Curved toward 


Signs from 2 to 5, inclusive, are accentuated by 
inspiration and lessened by expiration; in other words, a 
pendulum-like excursion of the heart with respiration. 

Entire absence of this feature should cause a search 
for complications or a new diagnosis. 


J. RoeENtGENOL & Rap. Tuerapy, April, xix, 360. 
ere printed. 


Unf« unately No. 6 was reversed and should be as 
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were, and still are, loath to permit recently 
operated patients to be taken to the roent- 
genoscope. At the Pennsylvania Hospital 
we had developed a technique for this 
purpose and, from a date preceding our 
first recognized case of collapse by some 
two or three years, it has been used freely 
by the entire staff. 

An iron carriage with wheels for each 
corner leg, having no central wheel or 
other structure, has been constructed to 
carry a separate wood-frame, canvas-top 
stretcher. This stretcher having been 
covered with the needed blankets, the 
patient is lifted vertically from the bed 
by four attendants who have a firm grasp 
on the sides of the under sheet. While the 

atient is thus held above the bed the blan- 
seapaecateme stretcher is passed under him 
and he is lowered onto it. The stretcher is 
then lifted to the carriage and later from 
that onto the horizontal roentgenoscope 
or in front of the vertical one, as the desire 
may be. No manipulation of the patient 
is needful unless it be rotation (still reclin- 
ing) at the vertical roentgenoscope. Back 
at his bedside the loading process is 
reversed. Surely no adequate phy sicalexam- 
ination can be made with less distu ‘ance. 

As in other physical methods, tl > one 
outstanding sign is the displaced heart. 
In many cases this may be easily missed if 
one does not definitely look for it. It is 
best detected by comparing deep expira- 
tion with deep inspiration and the two with 
some fixed point on the screen, as the mar- 
gin of the shutter shadow. In no other 
condition with which I am familiar is 
there any appreciable lateral movement, 
though an upward movement of the apex 
may be considered to normally accompany 
inspiration. Manges!®® calls attention to 
‘times when the heart seems to swing as 
if it were a pendulum swinging from the 
upper mediastinum, and at other times it 
seems that the entire mediastinum, both 
upper and lower, moves laterally to almost 
the same degree.” 

Films, if made, should be in both phases 
of respiration—full inspiration and full 
expiration. A single film or even a stereo 
pair, made with the usual admonition to 
‘take in your breath and hold it” may 
have scant value. If the lesion is less than 
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lobar a lateral film, made, of course, with 
the affected side toward the film may be 
useful for localization. 

The density of the affected lung has 
caused some discussion. Sante!’ writes: 
“When one considers the small size to 
which a normal lung may collapse in the 
presence of pneumothorax and its relative 
radiolucency when fully collapsed, it is 
surprising that in this condition a fully 
collapsed lung could occupy so much space 
and acquire the density that it 
does. The radiographic density of the lung 
in massive collapse is fully as great as 
that seen in lobar pneumonia.” And 
again: “‘Density in contrast to the almost 
transparent structure of lung collapsed to 
even smaller size from pneumothorax, is 
difficult to understand and has never been 
successfully explained;” and Scrimger:' 
“The degree of density to the x-ray was 
surprising in the absence of consumes 
or fluid, and may be taken to some extent 
as evidence for the airlessness and com- 
pactness of the collapsed lung. The sudden 
relief of symptoms experienced by three of 
the seven, with the rapid aeration and 
expansion of the lung as shown by the 
return of resonance over large areas, the 
return of the heart to its normal position 
within a period of at most 6 hours in all 
three, and 2 hours in one, preclude the 
possibility that the density is due to 
consolidation or the collection of fluid.” 

For a long time I held firmly the opmion 
that this density was, nevertheless, fluid; 
“drowned lung.” This explanation of the 
density has occurred to others, particu- 
larly Churchill,** Leopold'*> and Mastics, 
Spittler and McNamee." Later I realized 
that drowned lung, so frequent in foreign 
body atelectasis, 1s in reality rarely seen, 
in any large degree, in any other massive 
collapse. 

In a recent conversation, Dr. Sante 
pointed out what seems to be the real 
source of this density, i.e., engorgement 
of the vascular system. This is, of course, 
logical. We have an active potential vac- 
uum sufficient to depress intercostal mus- 
cles, elevate the diaphragm and displace 
the mediastinum. An immediate source of 

artial relief is the vascular system. The 
enh and lymph channels become en- 
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gorged as readily as do the subcutaneous 
channels when a patient is “dry cupped.” 
When the potential vacuum finds other 
relief, i.e., normal aeration, the congestion 
disappears quickly and the density with it. 
I have not found this explanation in print. 

Just how collapse can occur with com- 
plete absence of secretion or engorgement 
is more difficult of explanation; yet in 
at least one case, Chizzola,*? this seems to 
have happened. 

I remember many of my own reports to 
have read something like this: Sich or 
such a shadow was distinctly seen in the 
fluoroscope but “nothing of it is seen in 
the stereoscopic films.” This was probably 
the physiologic atelectasis described by 
Sewall'” and by Webb.?!!:*!2 The patient 
had been roentgenoscoped lying on the 
above described paca 99 in the same 

sition which he had occupied in his bed, 
bat when the films were made he was 
momentarily sitting erect and the expo- 
sures were made at inspiration. (This 
refers, of course, to patients with condi- 
tions other than massive collapse.) 

Finally, once a group begins to “think 
atelectasis” an unexpected number of 
cases are seen in which partial collapse 
seems rather certain but remains unproven 
even by roentgen ray. There may be an 
indefinite shadow but no heart displace- 
ment to be positive about. It seems to 
me that such findings, with prompt recov- 
ery, are probably minor degrees of collapse. 

set increased vigilance in observa- 
tion these cases seem otherwise rather 
unimportant. 


DIFFERENTIAL DIAGNOSIS 


The most common error of diagnosis in 
the presence of massive collapse is pneumo- 
nia. The two conditions have so much in 
common that Coryllos and Birnbaum"! pro- 
pose the theory that they are mechanically 
the same, it being needed only that the 
infection of the preceding bronchitis shall, 
in the case of pneumonia, be the pneu- 
mococcus. We have seen under ‘‘symptom- 
atology” that collapse may at the least 
appear not rarely as a complication. 
however, the heart displace- 
ment, the absence of bloody or rusty 
sputum, with the lower temperature and 
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pulse rate will aid the decision. Jackson 
and Lee" believe that the reason massive 
collapse of the lungs is so often overlooked 
is that its mere presence is at once regarded 
as conclusive evidence of the existence of 
pneumonic consolidation. Due regard to the 
other signs, particularly cardiac displace- 
ment, eal make the diagnosis clear. 
In other words, “‘think atelectasis.”’ 
Bronchopneumonia has, from the very 
beginning, raised great differential difli- 
culties. Gairdner wrote: ““The judicious 
physician has doubtless often been saved 
from error in the application of his remedies 
in this, as in many other cases where an 
unsound pathology has prevailed, by 
adhering to the great principles of our art, 
and the teaching of personal experience, 
rather than to received formulas and rules 
on matters of detail. But it is difficult to 
escape from the conviction that the influ- 
ence of a name, or the vanity of an exact 
diagnosis, may have misled many into 
such errors; and that in cases of supposed 
bronchopneumonia or typhoid pneumonia, 
the practice may frequently have embraced 
blood-letting, heroic antimonials, or calo- 
mel and opium, when emetics and expecto- 
rants, with suitable stimulation, would 
have been better adapted to the circum- 
stances of the case. This will be still more 
evident on considering the mechanism of 
these affections.”” And from this ten years 
further back to Williams: “‘Nothing can 
show more forcibly the influence of a 
name than the fact that this condition of 
the lungs should have been described by 
all writers as lobular pneumonia, and that 
its symptoms should have been attributed 
to inflammation, while yet it was evident 
from the concurrent testimony of everyone 
that neither in its progress nor in its results 
was it similar to inflammation of the lungs 
in the adult, much less identical with it. 
Having, however, once been called pneu- 
monia, every person continued to call it 
so, though often with a full recognition of 
its peculiarities. Even the close resem- 
blance which the lung presented to foetal 
lung, or to those undilated portions which 
are characteristic of atelectasis was noticed 
and discussed by myself and by many 
far better observers, apparently without 
a suspicion that both states were identical.” 
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For more recent evidence of the need 
for “thinking atelectasis’ we may cite 
the report of Hampton and Wharton,” 
an analysis of 170 cases with 80 diagnoses 
of pneumonia and bronchopneumonia and 
34 of infarct with only 5 deaths, in none 


7,25, 2 
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male, colored, aged forty-three 


Acute Massive Collapse of the Lung 


123 


called pulmonary infarct, the only word 
about collapse being, “it has not been 
observed in this clinic.’ Yet Cases 1, 3, 4 
and 5 show roentgenograms nearly enough 
typical to warrant a challenge.* 

We may, with scant fear of error, take 


; came to receiving ward with acute attack, symptomatically, of 


massive collapse. Roentgenoscopically, marked left displacement, no excursion. Film at this time and films 
made at inspiration and expiration five days later are almost identical. Case proved to be chronic fibroid 
tuberculosis. Patient probably had acute bronchial obstruction at the time of admission. 


of which was the final diagnosis pneumonia. 
In 10 per cent a first infarction was fol- 
lowed by a second. It is by no means 
inferred that all of these should have been 
recognized as collapse but it is equally as 
certain that some of them should. Or 
again in the same year the paper of Cutler 
and Hunt*! in which 42 of 63 cases were 


it for granted that every observer of 
postoperative lung complications will, once 
having recognized massive collapse, realize 
that many puzzling cases are easily 
explained in the light of the newer experi- 
ence, while many diagnoses, eminently 

* Both Dr. Wharton and Dr. Cutler have, in recent letters, 


cordially accepted this criticism, each having arrived at a similar 
conclusion from later observation. 
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satisfactory a few years ago, are now 
readily recognized as errors. 

Pneumothorax may be suggested by 
hyper-resonance of the opposite lung and 
subphrenic abscess by the high position 
and immobility of the diaphragm. 
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was made. “The patient cried much and 
breathed deeply during the operation; 
and immediately thereafter percussion of 
the right chest disclosed a dull tympany so 
that, for a while, it was feared that I had 
caused a traumatic pneumothorax. The 


Fic. 6. Typical massive collapse without special treatment. I. P., undernourished Jewish boy, aged fourteen; 
emergency appendectomy; right collapse, fifth day postoperative. a—First day, collapse partial. s—Seventh 
day, collapse complete. c—Ninth day, upper lobes clearing. p—Seventeenth day, collapse confined to lower lobe. 


Recovery was complete on the twenty-sixth day. 


Embolism is doubtless far more rare as 
a gross demonstrable lesion of the lung 
than has been supposed. It does not cause 
mediastinal displacement. 

Pleural effusion has been repeatedly 
suspected when the real lesion was collapse. 
Sewall™ records a case in which a “dry 
tap” of a supposed right pleural effusion 


boy got well with diminishing signs of 
effusion.”” (Presumably a recovery very 
similar to those described by Sante.) 

A previous lesion may be the cause of 
error (see Fig. 5). Finally, we may well 
agree with Churchill** that postoperative 
massive collapse is “‘just one special phase 
of atelectasis as a general subject.” 
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CASE REPORTS 


There is here no attempt at case report- 
ing other than the captions which accom- 
pany the illustrations. All these cases 
(Fig. 4 excepted) have been, or will be, else- 
where reported and should not be con- 
sidered in any future analysis by others.* 
The following tables give findings from 
eleven cases observed prior to June, 1928 
(Tables 11, 111 and tv). 


DURATION 


The duration is variously stated as 
from a few hours to approximately four 
weeks. One of these illustrated (Fig. 6) 


TABLE I 


POSTOPERATIVE MASSIVE COLLAPSE OF THE 


Bronchoscopic Data 


LUNG 
(5 Cases) 


Normal 
Position 
Heart 
and Dia- 
phragm 
Lung 
Clearing 


Broncho- 

Onset, scoped; 
Postop- Time 
erative after 
Onset 


Mate- 

rial Immediate 
Aspi- Effect 
rated 


Date 


Case 


36 hrs. 
36 hrs. 
36 hrs. 


6 days 
48 hrs. 
48 hrs. 


Slight 2 days 
Slight 8 days 
Marked 2 days 
improve- 

ment 

Marked, 2 days 
improve- 
ment 
Marked 
Improv 
ment 


4 c.c. 
6 c.c. 
9 c.c. 


D. D. 10-22 27 


28 35 hrs. hrs. C8: 


38 hrs. 10 hrs. § c.c. 3 days 


The first two of 
material. (1) 
Type rv, 


these cases had cultures made ot aspirated 
showed Streptococcus bemolyticus; 


2) pneumococcus, 
and Micrococcus catarrbalis 


All cases discharged cured at normal time for type of operation, 


TABLE III 
SYMPTOMS 
yes—6 cases 
no 5 cases 
Dyspnea..... 
' yes—® cases 
Cyanosis RO- I case 
not stated 
Cough. All (suppressed in 
most because ol 
pain). 


4 cases 


Temperature 101.4-104.4 
Pulse sharp increase to{ 100 ~—136 
Respiration | 30 —48 


Previous Lung Condition 
7 cases negative. 
I case history occasional cough; physical examination, 
x-ray and laboratory negative. 
bronchial asthma. 
silicosis (hilum type). 
apical tuberculosis (healed?). 


I case 
I case 
I case 

* These cases, with the exception of Figure 1 (from Dr. Jack- 
son’ Ss Bronchoscopic if linic, Jeflerson Ho Spit: al), ire all from vari- 


ous services of the Pe nnsylv ania Hospital: Drs. Gibbon, Billings, 


Mitchell, Lee and McCrae. 
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TABLE IV 
POSTOPERATIVE MASSIVE COLLAPSE OF THE LUNG 
Yearly Operative 
Age Incidence Incidence Time of Onset 
No. 


Cases Yrs. 


I 15 1924—1 Herniorrhaphy—7 30 to 96 hrs. 
2 16 1925—o0 Appendectomy—3 (postopera- 
4 17 1926—1 Nephrectomy —1 _ tive) 
I 1927—3 Anesthetic 
I 1928 1 local (hernia) 
1 mos. (age 47—sIilicosis) 

1 Nitrous oxide 

9 Nitrous oxide and ether 

Collapse—same Recovery 
side Cases Bronchoscoped 

Appendectomy —2 3 cases—2 days 


L. Herniorrhaphy—1 


I case —3 days 
R. Herniorrhaphy—2 


1 case —8 days 


Collapse—opposite Cases not Bronchoscoped 


side 
Appendectomy—1 2 cases—10 days 
Nephrectomy —1 I case —11 days 
Herniorrhaphy—5 2 cases—12 days 
f2 It. 
{2 1 case —18 days 
\ 3 rt. ) 


All cases had preoperative dose of morphine and 
atropine. 
continued for nearly or quite three weeks. 
Sante and others have noted impairment or 
loss of the diaphragm excursion, the dia- 
phragm in that case seems to remain 
persistently high for considerable periods 
after other roentgen-ray signs have dis- 
appeared. Though always in mind, this 
has been seen in none of our cases. Dura- 
tion is so variable that there will need to 
be much accumulated experience before 
the real merits of any therapeutic program 
can be decided. I have seen a broncho- 
scoped case recur within twenty-four hours 
and be relieved permanently by expectora- 
tion within six sare after the recurrence. 


PATHOLOGY 


If we must confine our studies to post- 
operative massive collapse the result will 
be meager indeed. First, because death is 
rare and with improv ed diagnosis and 
treatment it will be even more so. Second, 
because if death does occur it is after 
changes which have so altered the primar 
condition of collapse as to render the fin 
ings of scant informative value. 

Legendre and Bailly'** worked exclu- 
sively with infants, from the newborn and 
stillborn to the age of five years. But 
their findings of gross pathology have 
been but little, if any, conilal during 
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the eighty-four years that have since 
passed. For brevity their findings in 
atelectasis, as compared with “hepatiza- 
tion” have been here tabulated (Table v). 


TABLE 
LEGENDRE AND BAILLY (ADAPTED) (1844) 


Atelectasis 

Red, as dregs or lees of 
wine 

Lobular divisions and in- 
terstices apparent. Arte- 
rioles occasionally seen. 

— of lesion lobular 

No pleuritis 

Non-aerated but soft, pli- 
able as muscle (now 


Hepatization 

Red, as mahogany; fawn 
color 

Surface uniform without 
anatomical characteris- 
tics. 

Margin of lesion irregular 

Pleuritis in some degree 

Non-aerated but hard to 
touch like liver 


called beefy) 
Inflation causes expansion 
to normal appearance 


Inflation causes “crack- 


ing’ 


It was this one last mentioned point, 
the inflation to normal appearance, which 
they stressed to differentiate this condition 
from pneumonia or pneumonitis of any 
and all forms. They called it “etat fetal” 
or the fetal state, and recognized the 
second variety, called the congested fetal 
State. 


“Along the length of the posterior border 
of the lung one can observe a great number of 
lobules, deprived of air, disseminated in the 
midst of healthy tissue or grouped in a manner 
either isolated or joined together. Whether 
isolated or joined together, these lobules are 
perfectly circumscribed by cellular intersec- 
tions. They are red but a little less violet in 
color than the first form. They are less 
depressed and more friable; and when they are 
crushed they allow a considerable quantity of 
sanguinous fluid without air bubbles to ooze 
out. Without doubt, the accumulation of 
mucus in the bronchi opposing the free entry 
of air into the cells and the weakness of the 
patient render inspiration less complete and 
less profound and thus contribute to the develop- 
ment of this second variety. We have seen in 
cases of edema of the lung following scarlet 
fever a serous infiltration, extravesicular, 
which gives the appearance of the hepatization 
of pneumonia; but when the lung is insufflated 
these portions again become aerated as in the 
normal state.” 


This second variety is, in other words, 
not greatly different from that which we 
are calling “drowned lung.” The facts of 
the matter are undoubtedly that lung col- 
lapse is lung collapse, me Amar its ante- 
cedents may be, and that if we wish to 
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study its minute structures, uncomplicated, 
we may do so whenever a lung specimen 
from pneumothorax or excessive pleural 
effusion is available. Otherwise, the mater- 
ial will come at unexpected occasions and 
at increasingly rare intervals. Corper, 
Simon and Rensch,*® and others have 
shown that the circulation of collapsed 
lung areas is impaired but little. Their 
research is borne out by Andrus,’ who offers 
the following conclusion: 


“Collapse of the left lung, in dogs, through 
ligation of the left primary bronchus produces 
the following immediate results: 

1. The collapsed lung still transmits about 
30 per cent of the calculated total cardiac 
output. 

“*2. There is a decrease of about 42 per cent 
in the total lung volume. 

“3. These two factors cause a reduction of 
30 per cent in the carbon dioxide of the expired 
air, an increase of the carbon dioxide content 
of the arterial and venous blood, and a decrease 
of 5.5 per cent by volume (30 per cent) in 
arterial oxygen content. 

“To offset these deleterious effects, 
taneous changes of a compensatory 
occur as follows: 

1. The respiratory minute volume and the 
rate of respiration are increased about 20 
per cent. 

“2. The pulse rate is increased by 20 per 
cent, with a corresponding increase in the total 
cardiac output. 

“3. The circulation through the aerated 
lung is increased by 60 per cent in volume per 
minute. 

“4. Within 24 hours there is marked increase 
in the red cell count and the oxygen carrying 


capacity of the blood.” 


simul- 
nature 


By introducing a wool tampon through 
a tracheal opening into the right bronchus 
of a dog, Hoover and Pearce were able to 
demonstrate that, when the bronchus was 
plugged, the arterial blood (femoral artery) 
was much darker. and reinser- 
tion had prompt effect on arterial blood 
color. 

I have found only scant reference to 
the subject of massive collapse in text- 
books of pathology. The following from 
MacCallum'*® is fairly typical. Speaking 
of it as a curious condition, with the heart 
displaced toward the involved lung, as 
determined by auscultation and roentgen 
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examination, MacCallum continues: “It 
appears that in some cases observed at 
autopsy a dense plug of mucus has been 
found in the bronchus, and this, of course, 
would readily explain the collapse.” 

Considered patho- 


Pathological Types. 
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fixation. The accompanying sketch by Dr. 
Paul (Fig. 16) depicts an autopsy finding 
as yet unexplained. The sketch is typical 
of several, all bilateral rather than as 
indicated in the figure. Gravity can have 
no bearing because these patients died 


Fic. 7. H. Z., male, aged seventeen; left nephrectomy; right collapse. a—Film one year before operation, showing 
chronic fibroid tuberculosis. s—Left hydronephrosis from congenital anomaly of renal blood vessels. c—First 
day of collapse forty-eight hours after nephrectomy. p—Second day of collapse, complete. 


logically, three, possibly four, groups or 
types may be differentiated as follows: 

(a) The paralytic type, or Pasteur 
Type 1 ts, I believe, a terminal lung condi- 
tion, ordinarily an event of death, and 
doubtless occurring just as Pasteur out- 
lined in his 1890 and 1908 theses. It appears 
that either paralysis or fixation of the dia- 
phragm may be a major etiologic factor. 
In Pasteur’s second (1908) paper it seems 
that in all the adult cases cited phrenic 
fixation rather than paralysis was the 
condition. Similarly the cases cited by Lee 
and Paul''® may be classed as due to 


recumbent. So far as the cases of Lee and 
Paul go, the condition appears to accom- 
pany death in cases where phrenic fixa- 
tion and respiratory weakness are both 
present. That these cases have anything 
in common with acute massive collapse, as 
depicted in this thesis, I do not believe. 
It is, however, the type of Legendre and 
Bailly and other writers before Gairdner. 
Jenner'! found several cases of this 
type in autopsies after typhus and typhoid 
fever. He made no effort to explain their 
causation. 


(b) Acute 


massive lobar or lobular 
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collapse—the topic of this thesis—the 
Typej 11 of Pasteur* we have defined else- 
where. This type includes all collapse from 
bronchial obstruction, without regard to 
the obstructing agent or force. Ashbury® 
and Golden® report cases from malignancy 
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of collapse as occurring in pneumothorax, 
pleural effusion or from any pressure 
exerted from outside the lung. Cases of 


localized collapse have been reported from 
pressure of dilated heart, thoracic aneur- 
ysm and neoplasm. 


Fic. 8. Same case as in Figure 7. a—Third day slight clearing in upper lobe. s—Fourth day, marked clearing in 
upper and lower lobes, only slight change in heart position. c—Sixth day, despite greater relative density at 
hilum, heart is resuming position; remaining collapse, presumably lobular, overlying hilum. Diaphragm still 
high. p—Eleventh day, nearly or quite to preoperative condition (tuberculosis has remained quiescent since 


operation). 


and I have had one such case (Fig. 4). 
Junghagen'"* reports one from the pressure 
upon a bronchus by enlarged glands and 
one from similar pressure by aneurysm. 
Speiss' reports a case from bronchial 
polyp. Many other forms of bronchial 
obstruction might be cited including, of 
course, all obstructive foreign bodies. 

(c) In this group are included all cases 

* These phrases “‘Type 1 and Type u of Pasteur,” are bor- 
rowed, not from Pasteur but from Powell and Hartley!*7; 
also Pasteur did not include lobar and lobular “ patchy” collapse 


in the same classification. I believe their etiology is essentially 
the same, the difference being entirely one of area. 


(d) Three, at least, cases have been 
reported in which practically instant death 
has been caused by, or accompanied by, 
complete collapse of both lungs. One by 
Bergamini om Shephard'® and another 
by Gwyn,” “Dr. Wookey’s case,” appear 
to have started with choking from vomited 
food during anesthesia. These histories 
leave something, at least, to conjecture, 
but the cases have been cited as too rapid 
for collapse by absorption of retained air 
and therefore a point against that hypothe- 
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sis. It seems prob: a that in such sudden 
catastrophe the time factor mé¢ Ly have been 
longer than it seemed; that a considerable 
deflation may have occurred by valve 
action during the choking and that, dur- 
ing death by choking, there may be a more 
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the value of placing his patient as soon as 
possible in the semi upright position will 
appeal. It is hardly too much to say that 
all operations on the upper abdomen should 
be nursed in this position as soon as post- 
operative 


shock has off. The 


passed 


Fic. 9. C. M., male 
A—Two hours after onset. B 


onset). p—Two days after bronchoscopy. 


rapid absorption of air than under other 
circumstances. It is not at all certain that 
these cases demand a separate classification. 


PROPHYLAXIS 


It seems not too much to predict that 
the incidence of massive collapse will, in 
the future, be much reduced even by the 


most general prophylactic measures. To 
“think atelectasis” will result, first, in 
avoidance of too long rest In any one 


ane Physiologic atelectasis as found 
y Webb and by Sewall is too suggestive to 


be ignored. Soltau' says, “*To the surgeon 


, aged seventeen years. Right herniorrhaphy, left lung collapse thirty-six hours after operation. 
Same time in Sante’s position. c—After bronchoscopic drainage (five hours after 


Fowler frame introduced during the war 
into casualty clearing stations was an 
admirable and simple mechanical device 
for attaining this end.” Likewise, the 
avoidance of bandaging which will embar- 
rass respiration mechanically is wise. On 
the other hand, abdominal tenderness 
related to respiration may, of itself, tend 
to greater fixation than would the bandage 
which relieves it. A postural technique 
proposed by Meyer’! for avoidance of 
thrombosis is equally applicable to this 
condition. 


To those with time and inclination to 
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read their paper, the understanding which 
Legendre and Bailly'** applied here, and 
the prophylactic measures they recommend, 
will form an interesting chapter. 

I have elsewhere expressed the opinion 
that collapse cannot occur in the absence 


Fic. 10. J. G., male, aged fifteen. Right reg wang 
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more than one suit of heavy underwear; he is 
given a hot bath and is either put to bed or 
allowed up and about the cool ward with far 
less clothing than he is accustomed to wear. 
During the twelve to twenty-four hours before 
operation he may be examined in a more or 


, left lower lobe collapse sixty hours postoperative. a and 


B—Inspiration and expiration about five hours after onset. c—Inspiration ten hours after onset, immediately 
before bronchoscopic drainage. p>—Immediately after bronchoscopic drainage. 


of bronchitis. If.this should be only partly 
true, much attention should be given to 
the prevention or relief of any manifesta- 
tion of this condition. Whipple*"* pointedly 
calls attention to this. 


“The patient may easily contract his cold 
after entering the surgical service. Five patients 
in this series complained of contracting a 
‘cold’ after admission. These colds may be 
the result of one of the following factors: The 
patient usually comes into the hospital too 
warmly dressed—many of the patients wear 


less exposed condition, one or more times. He 
is given his preparatory shave and is exposed 
still more in the early morning hours as a 
result of catharsis and enemas. It may be that 
coming to or from the operating room he is 
exposed to cold draughts in the long corridors 
so characteristic of hospitals. During his 
recovery from the anesthetic, with his vaso- 
motor system depressed, he may become 
chilled, especially if his bed clothes do not 
cover his shoulders; and on the average neatly 
made hospital bed with blankets shrunken 
from repeated cleaning, the bed clothes seldom 
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come above the costal margin. A small shoulder 
blanket may or may not make up for the 
deficiency. Many of the patients are not 
accustomed to sleeping in a cold room, and 
particularly under an open window. Too often 
the modern intern or nurse with a disdain for 


Fic. 11. Same case as in Figure 10. A 
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lation of the lungs with carbon-dioxide- 
oxygen at the end of operation: “This, 
with a semi-Fowler position after opera- 
tion, has apparently reduced the 
of massive collapse as a postoperative 
complication.” Scott and Joelson'** leave 


Twenty-four hours after drainage, partial relapse. s—Forty-eight hours 


later, after spontaneous improvement. c—Seventy-two hours. p—Ninety-six hours. 


draughts and cool temperature, forgets that 
the twenty-four hours before and after an 
operation is not the best time to correct habits 
and customs of a lifetime. The writer is firmly 
convinced, from repeated observations in 
several hospitals, that one of the most impor- 
tant predisposing causes of postoperative 
pneumonitis both in patients coming into the 
hospital with a recent cold or free from an 
active cold, is the exposure to which he is sub- 
jected during the first twenty-four to forty- 
eight hours of his stay in the hospital.” 


Scott and Cutler’? propose hyperventi- 


little room for doubt that posture is a 
really deciding factor as to the site of the 
collapse. They find that if, for instance, 
the site of the operation leads the patient 
to choose to lie upon one side continuously, 
then collapse, if it occurs, will be in the 
lung restricted by this position. Hunt®® 
urges carefully recorded preliminary clini- 
cal examination of the chest, supplemented 
by roentgen examination when possible, 
for comparison with postoperative findings; 
hourly change of posture; limitation of 
morphine before and after operation; 
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minimum anesthesia and extra postopera- 
tive care. 

The teaching is obvious. Frequent 
change of posture is imperative unless 
forbidden some definite contra- 
indication. 
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debility of the patient, untoward result is 
rare. Recovery is frequently as spectacular 
as the onset. 


TREATMENT 
There are no specific remedies and the 


Fic. 12. E. S., male, aged sixteen; emergency appendectomy; collapse left lung fourth day. a, B, c, and p—Second, 
third, fourth and fifth days, respectively, of collapse. 


PROGNOSIS 


The gravity of the prognosis is wholly 
dependent upon the virulence of organisms 
happening to exist in the collapsed area, 
and bears little or no relation to the 
character or degree of the earlier clinical 
findings. In itself a suspended function, 
complicating some previous condition, the 
pathological findings of massive collapse 
will, like its clinical findings, depend 
wholly upon the type of infection which it 
happens to enfold. 

ncomplicated by infection or by serious 


use of drugs, if any, must be upon the 
expectant plan. Mechanically, three meas- 
ures are proposed. 

Elkin®? says, “It is suggested that the 
introduction of air into the pleural cavity 
of these cases showing a marked cyanosis 
and dyspnoea may be of therapeutic value 
in bringing the ceidiasinnt structures 
back to their normal positions.” Gam- 
mons** has so treated one patient, but 
one having already a tuberculous cavity. 
Farris®® treated one tuberculous and one 
postoperative collapse in this manner. Of 
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the latter he reports pneumothorax at 
ten days with return of mediastinum to 
normal position. ‘He claimed he felt more 
comfortable.” Film a week later showed 
the lung clear. Bradford,?! Mason,'!** Gwyn 
and others warn against “‘thorocotomy,” 
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in promptly reestablishing aeration of the 
lung. Jackson and his co-workers have 
reported reinflation after repeated bron- 
choscopic removal of mucus from the bron- 
chi. My ‘procedure seems more simple, is 
available to all, and does not carry any 


Fic. 13. Same case as in Figure 12. Relapse after partial recovery. a—Sixth day, before bronchoscopy. B—Sixth 


day, after bronchoscopy. c 
day of collapse. 


‘misdirected thoracentesis” and “‘unfor- 
tunate puncturing.”” Pneumothorax is men- 
tioned here only to condemn it. 

Sante,'* having witnessed a spontaneous 
reinflation when a patient was turned over 
on the roentgenoscope, tried rotation in 
other cases with success and reports the 
same experience by others. This leads him 
to state that: “The treatment is simple 
and consists in rolling the patient back 
and forth on the uninvolved side. No 
other therapeutic agent is necessary. This 
simple procedure has, in all instances in 
which it has been used, proved successful 


Two days after bronchoscopy. p—Twelve days after bronchoscopy; twentieth 


risk to the patient.” This reminds one that 
Gairdner, some seventy-five years earlier, 
reported a case in which pneumonia had 
been suspected but in which he made the 
diagnosis of collapse. ‘‘ Under the influence 
of an emetic and a forced decubitus on the 
opposite side to that on which the dullness 
existed, almost every trace of it had dis- 
appeared in thirty-six hours, and the 
dyspnoea was entirely relieved.” By this 
Gairdner proved that the patient had 
collapse and not ‘“‘bronchopneumonia.” 
This suggestion of Sante has unquestioned 
merit. It is logical, harmless, and should 
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usually be tried, and it may be expected to 
afford relief in many cases. But we are 
sure that it will not prove the panacea that 
he claims. Several careful attempts in our 
cases quite failed of any satisfactory result. 
Shellito"’? reports a case in which the 
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and there will be occasional unpleasant 
experiences with it. 

Bronchoscopic drainage, first done by 
Tucker at the request of Lee, has now 14 
successes to its credit and no actual fail- 
ures. One case, it is true (Hearn and 


ye 27 


Fic. 14. D. D., male, aged seventeen. Left inguinal herniorrhaphy; left lung collapse forty-eight hours later and 
bronchoscopic drainage twenty-four hours after onset. a—Before drainage. s—After drainage. c—Two days 
after bronchoscopy, showing relapse. This was followed six hours later by spontaneous drainage. p—Twelve 


days after onset. 


patient was found in genéral collapse 
shortly after having voluntarily turned to 
the opposite side. Scott and Cutler!’ 
comment favorably that “‘the procedure 
is so simple that it should be tried in cases 
of fully developed massive atelectasis. 
(We must confess that we have not seen 
any striking results from this procedure in 
our cases, possibly because we did not 
continue the process long enough, for when 
the patient complained of discomfort we 
allowed him to turn to another position.)” 
While Sante’s method should at least 
usually be tried it will not always work, 


Clerf**), was drained seven times but 
always with relief and finally with cure. 
With accumulated experience there will 
doubtless come improvement. So far drain- 
age has been instituted in the period of 
active symptoms and as early as possible. 
Experience may teach that in some 


instances a delay will mean instituting the 
drainage at a time when reaccumulation 
is less likely. It is, of course, true that the 
greater number would recover with less 
heroic treatment. The difficulty now, and 
which promises to continue, 1s to know 
whether this present patient is one of that 
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greater number or whether he is destined 
for one of the serious, and perhaps fatal, 
complications. 

At the hands of a skillful operator, and 
the number is rapidly increasing, bron- 
choscopy is by no means so heroic as it 
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Sante’s method and watchful waiting will 
be the plan of action. 


SUMMARY AND CONCLUSIONS 


“This paper exploits no new facts. It 
is simply an attempt to dust off, rehabili- 


male, aged seventeen; appendectomy; collapse right lung forty-eight hours later. a—Typical 


collapse except that the diaphragm is perhaps not so high as some. B—Spontaneous drainage of upper and middle 


lobes, second day. ( and dD 


Third and fourth days, no notable change. No further roentgen films were made. 


Patient discharged well on sixteenth day after operation. 


sounds to the uninitiated. Jackson says: 
“When every surgeon has a bronchoscopic 
assistant it will be realized that bronchos- 
copy is as safe and useful as cystoscopy.” 
To one with a roentgenologist’s experience 
with lung abscess, the gross appearance 
of the 3 to 6 cm. of tenacious, mucopuru- 
lent mass which the bronchoscopist delivers 
is most convincing and heartening. Not 
less so is the roentgenoscopy of that patient 
ten minutes later on his way back to the 
ward. 

In the absence of skillful bronchoscopy, 


tate and show the value of paraphernalia 
that most clinicians have cast into a 
neglected corner” (Sewall). 

1. Massive collapse of the lung is a 
definite clinical entity of which the finally 
determining etiologic factor is total occlu- 
sion of a bronchus with subsequent absorp- 
tion of retained air. The predisposing and 
contributing factors of etiology are many. 

2. The history and early literature of the 
subject are fascinating and informative. 

3. The principal physical sign is medi- 
astinal displacement toward the involved 
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lung. While many of the facts were well 
established in the literature as early as 
1850, mediastinal displacement was not 
reported as an important diagnostic sign 
until 1911, by Pasteur. 


4. The mediastinal, including heart, 


SHARP LINE OF DEMARCATION 
B&LOW WHICH PORTIONS OF 
BOTH LOWER aD MID LOBES 
ARS ATELECTATIC 


Fic. 16. Sketch by Dr. J. R. Paul depicting typical 
autopsy findings in one group of the series reported 
by Lee and Paul. Condition is uniformly bilateral. 


displacement is due to the potential tho- 
racic vacuum created by the collapsed lung 
area, and is directly proportional to the 
degree in which that vacuum is relieved 
by emphysema of the opposite lung. 
Relief of the negative pressure by any 
other factor, such as elevation of the 
diaphragm, depression of the chest wall, 
etc., will, in just the degree in which it is 
effectiv e, lessen mediastinal displacement. 

5. Pasteur was the first to recognize 
the essential differences separating mas- 
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sive collapse from other postoperative 
complications, particularly postoperative 
pneumonia. 

6. The postoperative cases, though more 
noticed recently, are doubtless a much 
smaller group than those ocurring generally 
and without traumatism. 

7. The striking density of the collapsed 
lung, by roentgen examination is due to 
several factors of which vascular engorge- 
ment is the most important. 

8. The blood supply of the collapsed 
lung suffers but dicks | impairment. 

g. Any rise of temperature in a_post- 
operative patient after subsidence of reac- 
tion should lead the attendant to “think 
atelectasis,” seek roentgen examination, 
and apply early pro hylaxis. 

10. Partial, or “patchy” col- 
lapse is exceedingly difficult of recognition 
but nevertheless is an important, in the 
presence of infection a very important, 
in prognosis. 

. A high percentage of postoperative 
hing collapse is preventable by watchful 
action. 

12. The prognosis commonly favorable 
depends solely upon the type and degree 
of infection. 

13. Without recognition of the early 
signs at the bedside, the roentgenologist 
will have scant opportunity to examine 
these patients. Roentgenology affords the 
best diagnostic method. 

14. Bronchoscopic drainage, skillfully 
werd is an important method ‘of treatment. 

When engaged in any phase of lung 
‘think atelectasis.” 
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A FURTHER STUDY OF THE ADVISABILITY OF A 
GENERAL ROENTGENOLOGICAL CHEST 
SURVEY APPLIED TO RECRUITS OF 
THE UNITED STATES ARMY * 


BY CHARLES 


L. MAXWELL, M.D. 


Captain, Medical Corps, U. S. Army 


Roentgenologist, General Dispensary 


WASHINGTON, D. C. 


6 peer is the second of a series of papers 
dealing with the tuberculosis problem 
of the United States Army, and its purpose 
is to attempt to show the reasons for and 
the advantages which may accrue from a 
general roentgenological chest survey of 
recruits or applicants for enlistment. 

In 1926 a survey was made of the cases 
of pulmonary tuberculosis found in the 
Hawaiian Department, United States 
Army, for the years 1923, 1924, and 1925. 
The summary revealed that 80 per cent 
of these cases were in first enlistment men 
with less than three years’ service and that 
39 per cent had less than one year’s service, 
at the time they were 
tuberculous. ! 

The degree and type of involvement in 
practically all of these cases showed plainly 
that most of them were tuberculous at 

1 Maxwell, C. L. Advantages of a roentgenological chest survey 
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diagnosed as 


7, 402-504. 


the time they entered the Service, and that 
the condition was not discovered by the 
existing methods of examination. 

The natural deduction was made that 
this influx of undesirables could be pre- 
vented by routine roentgen surveys of 
the chest. 

The marked degree of involvement in 
the vast majority of these cases has been 
so great that I have searched for a way to 
place the subject before the Medical Serv- 
ice so that a fuller realization of the 
situation might be had. 

With that in mind the cases of pul- 
monary tuberculosis, occurring in soldiers 
having less than one year’s service, and 
who were admitted to Fitzsimons General 
Hospital, Denver, Colorado, during the 
years 1925, 1926, and 1927, are taken, and 
from these a number selected for lantern 
slide demonstration. 

The number of cases for this period is 
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sixty-four. The total number of original 
enlistments for the same period is 102,000. 
This gives a_ rate of 0.06 per 
thousand, of recruits who were manifestly 
tuberculous at the time of induction into 
the Service and who were regarded on 
enlistment, following the usual physical 
examination, as physically fit. 

A study of these cases with regard to the 
amount of involvement is shown in the 
following: 

Number Per 


of Cases Cent 


Involvement of both lungs........ 46 72.0 
Involvement of more than one lobe, 

one lung, with the opposite lung 

Involvement of only one lobe... . . . 8 


The very high percentage of well- 
advanced tuberculosis is at once apparent 
and the hopelessness of most of them, so 
far as ever regaining health is concerned, 
is readily appreciated. 

An effort is made to estimate the amount 
of fibrosis by using the terms slight and 
marked. 


Number Per 
of Cases Cent 
Cases showing slight fibrosis. ...... 17 26.5 
Cases showing marked fibrosis... .. 47 73.5 


In using the term fibrosis the generalized 
fibrosis of the lungs often seen is taken 
with those cases showing frequently a 
localized fibrosis of one part of the lung 
and rapid infiltration of other parts with 
little or no fibrosis. The purpose of men- 
tioning the fibrosis is to more definitely 
make certain that the tuberculous lesion 
in some part of the lung has existed for a 
much longer time than a year. 

The next comparison is made with 
regard to cavitation, whether single or 


multiple and large or small. The results 
follow: 


Per 
Number Cent 
Cases with no cavitation...... ; 17 26.5 
Cases with cavitation............. 47 73.5 
Per 
Number’ Cent 

Cases with single cavitation....... II 17.0 
Cases with multiple cavitation.... . 36 56.5 

(b) 

Cases with large cavities.......... 14 22.0 
Cases with small cavities.......... 33 52.0 
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It is to be noted that the cases showing 
multiple ,cavitation are almost entirely 
of the small cavity type, and that only 
two cases in the series showed multiple 
large cavitation. Again the gravity of most 
of these cases is realized when the per- 
centage showing cavitation reaches almost 
75 per cent. 

Lower lobe pathology predominated, 
either as a true infiltration or as a pleurisy 
in 4 cases, and 10 cases showed a marked 

leural involvement of some part of the 
so All those showing a predominating 
lower lobe lesion also had some type of 
upper lobe abnormality of an older nature. 

In this series of 64 cases it is believed 
that but few should have been passed 
by the average clinical examiner, and 
since the training which Army medical 
officers are given is at least average, the 
deduction may be made that here at least 
are cases, usually considered easy to dis- 
cern under the ordinary standard ways 
of examination that are most elusive, and 
may it also be said that perhaps the evi- 
dence will warrant the assumption that 
the present methods of examination might 
well be more often aided by such a positive 
aid as a roentgen survey of the chest. 

The estimated cost to the Government 
at the present time to enlist, maintain and 
discharge the average tuberculous patient 
is $1500.00 and this gives a total of 
$96,000 as the cost of enlisting, maintaining 
and discharging those found tuberculous, 
at Fitzsimons General Hospital, with less 
than one year’s service for the period 1925, 
1926, and 1927. 

Using the deduction of the investigation 
made into the tuberculosis situation in 
the Hawaiian Department one may expect 
165 tuberculous patients to reach the 
hospital from the 112,000 recruits enlisted 
during this period, and that at least 90 
per cent of these will show evidence of a 
tuberculosis that would have caused their 
rejection at the time of enlistment. The 
estimated cost for this group is about 
$200,000 or at least double the cost of 
examining all recruits before enlistment. 

Practically all Army hospitals have 
equipment to make routine roentgen exam- 
ination and the larger centers where most 
of the recruiting ends or where most 
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recruits drift to are amply supplied with 
the necessary equipment. 

The post-graduate training given the 
Army medical officers at the Army Medical 
School peculiarly adapts them for this type 
of examination and there are but few 
who cannot readily adapt themselves 
to this branch of work. 

Again at all the larger centers there is a 
specially trained personnel and in at least 
one post in every corps area there is a 
specialist maintained who is within easy 

call to aid in doubtful decisions. 

To most of you, this record of cases 
not recognized in the usual clinical ex am- 
ination is an old, old story, but in 
approaching the subject from this angle 
the repetition may be worth while in that 
only by the use of such a volume of the 
routine side of chest roentgenography can 
a marked impression of the 
be made. 

Especially do I want to interest those 
of you who are in the Medical Reserve 
Corps in the furthering of this problem and 
also to sow a small seed among those who 
are interested in large commercial units. 
Their interests and the Army’s from this 
standpoint are almost identical and a 
survey such as suggested, is 


situation 


as feasible 
and as proper a procedure in large com- 
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mercial units as in the military service, 
and will yield equal results. 

The deductions drawn from this series 
of cases are as follows: 


1. That too many cases of well- 
developed pulmonary tuberculosis are 


being passed by medical examiners at 
enlistments for the United States Army 
under the present methods of examination. 

2. That this undesirable element is an 
exceptional menace to those about them 
because of the fact that they are accepted 
as physically fit, when at least 80 per cent 
of the tuberculous cases are expectorating 
tubercle bacilli at the time they enter 
the Service. 

3. That at least 90 per cent of these 
cases could have been discovered by a 
roentgen chest survey at enlistment and 
prevented from entering the Army. 

4. That this examination w ould be a real 
step in economy since the cost of keeping 
these cases out of the Army would be less 
than the cost of maintaining and discharg- 
ing them later. 

5. That the necessary examinations can 
be successfully carried out at most posts 
of the United States Army without the 
addition of further equipment and that 
the training of the majority of medical 
officers fits them well for such work. 
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MASSIVE HEMORRHAGE FROM THE 
GASTROINTESTINAL TRACT* 


BY L. R. SANTE, M.D. 


ST. LOUIS, MISSOURI 


OR many years cases have been 

encountered where massive gastric 
hemorrhages have occurred without appar- 
ent cause. Before the days of roentgenology 
such cases were usually ascribed to esoph- 
ageal varices, gastric or duodenal ulcer 
or cancer. The perfection attained by 
roentgenologists in recent years in the 
diagnosis of lesions of the gastrointestinal 
tract has led to a more critical examination 
of such patients. 

As early as 1803 Dalché® mentioned the 
possibility of hemorrhage from the stomach 
without organic lesion, and in 1815 Latour!! 
published a book in Orleans, in which he 
recognized hemorrhage “sine materia,” and 
quoted cases from Portal, Franck, Hoff- 
mann, van Swieten, Baldinger and Warton. 

In 1906 White” collected 29 cases of 
massive hemorrhage, selecting only those 
proved by autopsy or operation to be free 
from organic lesion. At the suggestion of 
Sir Edwin Cooper Perry he applied the 
name “‘gastrostaxis.” 

In 1914, Deaver® published a paper on 
gastric hemorrhage in which he ascribed 
chronic focal infection, either local or 
remote, as a cause for such mysterious 
hemorrhages: “‘ Excepting extrinsic poison, 
I believe the violent congestion of the 
gastric vessels is primarily dependent on 
an intra-abdominal or more rarely remote 
infection.” This focus of infection he 
believed was most commonly located in the 
gall-bladder or appendix. 

Rosenow," in 1915, showed the associa- 
tion of various streptococcus infections 
with bleeding from hemorrhagic points and 
superficial ulcers of the stomach. 

In the same year Eusterman* pointed 
out that gastric hemorrhage without local 
lesion was associated with infection of the 
gall-bladder and gastric symptoms in 
5 per cent, and wlth appendicitis in 2 per 
cent of all cases at the Mayo Clinic in the 
series studied. 

In 1916, Moschcowitz'* published 4 cases 


* From the Department of Radiology fof St. Mary’s Hospital and St. Louis City Soy, Ut St. Louis, Mo. 
Annual Meeting, AMERICAN RoENTGEN Ray Society, Kansas 


in which massive hemorrhage had occurred, 
but in which no demonstrable local hemor- 
rhage could be detected at operation. 

In the same year Smithies and Bowen" 
described 5 cases of vicarious hemorrhage 
from the stomach at the menstrual period 
in which extensive surgical exploration of 
the stomach failed to reveal any cause or to 
give any relief. 

Crispin,‘ in 1917, stressed the toxic 
factor as a cause for the condition and 
stated that with infections of the gall- 
bladder and appendix there are occasional 
hemorrhages for which no adequate cause 
in the stomach is found at operation. 
He suggested the term “toxic gastric 

Outland and Clendening,'!® 1917 
describe in detail the operative findings in 
3 cases of gastric hemorrhage. “The gall- 
bladder was empty of stones, with thin 
walls, and easily emptied by pressure. The 
stomach had no sign of ulcer, no scar, no 
dimpling, and the pylorus was patent. The 
surface of the gastric serosa around 
the pylorus was reddened and mottled 
with small veins like a drunkard’s cheek. 
The veins in the region were distended and 
tortuous, and in the mesentery along the 
yreater curvature were numerous small, 
shot-like glands. 

“On investigating the appendix it was 
found buried in a dense mass of adhesions, 
from which it was removed with great 
difficulty” . They ascribe the dis- 
tortion of the blood vessels to a stream of 
infection carried up the omentum to the 
stomach and are of the opinion that 
the hemorrhage from the stomach was 
almost certainly due to seepage from 
the inflamed gastric mucosa. 

In 1918, Drybrough-Smith’ called atten- 
tion to hematemesis as a postoperative 
complication following appendectomy, and 
suggested that many of these cases may 
have atoxic origin and not be due to any 
technical operative fault. 


Read at the Twenty-ninth 
tity, Mo., Sept. 25-28, 1928. 
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Nicolaysen,'* in 1920, suggested the 
possible cause as of nervous origin and 
pointed out the effect of the vegetative 
nervous system on the stomach. He cites 
the experiments of Finzi? who removed 

various portions of one or both suprarenal 
glands in rabbits and dogs, ad subse- 
quently observed edema and hemorrhage 
in the gastric mucosa, degeneration of the 
epithelial cells and even real ulceration; 
the greater the amount of suprarenal 
removed, the greater the effect. 

Monod,'? in 1924, reviewed the literature 
and described similar findings in 3 female 
patients. 

In the same year Bevan* analyzed the 
common causes of gastric hemorrhage and 
called attention to gastric hemorrhage 
after operation on abdominal organs. He 
quotes Eiselberg as regarding such post- 
operative gastric hemorrh: age as 
of the abdominal veins. In another article, 
Friedenwald and Wiest!’ enumerate’ the 
causes of massive gastric hemorrhage and 
call attention to the possibility of sudden 
rupture of arteriosclerotic gastric vessels 
as a possible cause. 

It will be seen from a consideration of 
reported cases that there is substantial 
basis for the assumption that gastric 
hemorrhages occur at times under very 
obscure conditions. Consider the common 
causes of gastric hemorrhage as outlined 
by Friedenwald and Wiest: 


1. Gastric or duodenal ulcer. 
2. Carcinoma. 
3. Exulceratio simplex (Dieulafoy). 
4. Hemorrhagic gastritis (including alcoholic 
Hepatic affections (cirrhosis with esoph- 
al v: arices, epidemic jaundice, acute 
yellow atrophy). 
6. Splenic diseases (anemia, Banti’s disease). 
7. Constitutional and toxic diseases (leu- 
cemia, hemophilia, yellow fever, phosphorus 
poisoning). 
8. Aortic aneurysm with rupture into the 
stomach. 
Trauma over the stomach. 
10. Vicarious menstruation. 
1. Localized arteriosclerosis. 


A close analysis of these causes will show 
that they fall into three more or less well- 
defined classes: 
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A Organic lesions, which by their destruc- 
tion of tissue erode blood vessels, such as gastric 
ulcer and cancer. 

B. Mechanical conditions, such as trauma, 
rupture of aneurysm, arteriosclerotic or vari- 
cosed vessel. 

c. Toxic states, local or general. 


The first two causes do not require 
further consideration since they are quite 
commonly encountered, and their patho- 
logical physiology fully understood. The 
exact manner in which toxemia operates 
in the production of gastric hemeeiliiaas is 
not definitely known, yet it is generally 
believed that the toxin exerts a deleterious 
effect on the constituents of the blood and 
capillary walls causing them to become 
»ermeable and permitting the passage of 
bioad. It is “gy that the effect in these 
cases is wholly or for the most part due to 
changes in the character of the blood. 

Hemorrhage occurs in epidemic jaundice, 
acute yellow” atrophy of the liver, splenic 
anemias, Banti’s disease, lymphatic leu- 
cemia, yellow fever, malaria, phosphorus 
poisoning, etc. All of these conditions 
produce profound states of intoxication, 
or present other grave symptoms of 
disease. 

Massive hemorrhages occur, however, 
under other circumstances in which there 
is no evidence of constitutional disease, 
and frequently where there are few symp- 
toms of any localized disorder. The cases 
of this type most frequently encountered 
usually give a history of periodic attacks of 
indigestion, belching of gas or bloated 
feeling after eating, extending over a 
period of years. Suddenly without apparent 
cause, during one of these exacerbations, 
the epigastric pain becomes intense, they 
become nauseated and vomit quantities of 
blood. Such hemorrhagic attacks may 
recur at frequent intervals; one patient 
who has come under the writer’s deans 
tion was never free from such an attack of 
gastric hemorrhage for longer than six 
weeks, for over four years; the hemoglobin 
fell as low as 12 per cent. Further investi- 
gation or operation usually discloses 
chronic infection of the gall-bladder or 
appendix, or some structure which empties 
into the intestinal tract, and removal of 
the diseased organ usually removes the 
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tendency to hemorrhage. The following 
case is a very interesting example: 


W. J. R., white, male, aged fifty-two, entered 
the hospital Dec. 31, 1921, with a history of 
epigastric pain, nausea and vomiting of coffee 
ground material. Nothing in the previous his- 
tory was of significance other than the fact 
that he had been subject to mild attacks of 
indigestion for the previous twenty years. 
Repeated gastrointestinal examinations failed 
to reveal any evidence of organic lesion other 
than diverticulitis of the entire large bov el. 
Several hemorrhages were recorded during 
the next three weeks but after that the dis- 
turbance subsided and the patient recovered to 
such an extent that he was discharged on Feb. 
4, 1922. Gastric analyses showed normal 
hydrochloric acid content, and_ periodically 
tests for blood were positive both from the 
vomitus and stool. The red blood count at 
one time, following a severe hemorrhage, fell 
to 1,030,000 and the hemoglobin to 20 per cent; 
white blood count ranged from 12,000 to 
14,000; blood Wassermann was negative. 

The patient was readmitted about two weeks 
later, Feb. 17, 1922, complaining of a recurrent 
attack of abdominal pain and vomiting of a large 
quantity of blood. Within four days after admis- 
sion, the patient was submitted for gastrointes- 
tinal jasiaaneiion without alkalinization or any 
other medication for his gastric condition. No 
organic lesion was found other than diverticuli- 
tis of the colon. Following an extremely severe 
hemorrhage the patient died, April 24, 1922. 
At autopsy the entire gastrointestinal tract 
was found filled with blood, small and large 
bowel as well as the stomach. There was no 
ulcer or cancer of the stomach or other organic 
lesion of the gastrointestinal tract other than 
multiple diverticula of the colon. 

Robineau'* has reported a similar case associ- 
ated with diverticulum of the fourth portion of 
the duodenum. 

Still another case having very important 
features is that of Mrs. C. S., white, aged forty- 
seven (patient of Dr. S. I. Frankel, to whom I 
am indebted for this report). Without pre- 
monitory symptoms the patient was seized the 
evening before with violent abdominal pain 
followed shortly after with extensive urticarial 
eruption. About one-half hour later she 
became nauseated and vomited a large quan- 
tity of dark blood, probably exceeding a quart, 
according to the physician’s notation. She gave 
a history of periodic attacks of indigestion, 
but never as severe as this and never associ- 
ated with hematemesis. She was admitted to 
the hospital Feb. 13, 1928, for examination. 
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Roentgenographic examination failed to reveal 
any evidence of organic lesion, the patient 
recovered completely within a week or so, 
and has had no return of the trouble since. 


It is difficult to determine accurately the 
percentage of instances in which hemor- 
rhage from the gastrointestinal tract is 
unassociated with organic lesion since most 
of these cases having no pathology are 
catalogued as negative. A conservative 
estimate, however, would probably show 
not less than 1 per cent of all cases of 
hematemesis to be without organic lesion. 

In seeking an explanation of the manner 
in which focal infection in the gall-bladder, 
appendix, or other organ could cause 
hemorrhage from the stomach or intes- 
tines, it has always seemed to us that an 
explanation merely on the basis of dilated 
blood vessels is not entirely satisfactory. 
The experimental work of Auer? in produc- 
ing gastric hemorrhage as a result of 
anaphylactic reaction in guinea pigs, rab- 
bits and dogs, suggests that anaphylaxis 
may be the basis of a similar reaction in 
man. One of the cases cited in which 
hemorrhage was preceded by a general 
urticarial reaction lends credence to this 
view. Auer has shown that hemorrhage 
occurs from the stomach in guinea pigs 
previously sensitized to horse serum, when 
an anaphylactic reaction is produced by 
further injection of the sensitizing agent. 
His description of the gastric lesions found 
at autopsy is as follows: 


“The earliest lesions observed consisted of 
short, superficial linear or starshaped, brown- 
ish erosions of the mucosa in the middle third 
of the stomach; they were located on both 
anterior and posterior surfaces, and generally 
much nearer the greater curvature than the 
lesser one. Careful inspection showed no sign 
of blood either in the stomach contents or in 
the erosions themselves. 

“In the next stage hemorrhages of peculiar 
structure and variable extent were noted. In 
typical instances the hemorrhage was com- 
posed of small, flattened, black, discoid masses 
of blood more or less superimposed one upon 
the other so that sometimes the hemorrhage 
looked like a miniature compressed bunch of 
grapes. On removal of the hemorrhages by 
linear irregular 
these were always 


washing in Ringer solution, 
erosions were disclosed; 
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fewer in number and smaller in extent than was 
expected from the size of the hemorrhage 

“‘Local extreme dilatation of many but not 
all mucosal blood capillaries was very common 
in the middle third of the stomach, but was 
not generally observed to the same degree in the 
preantral and antral regions. These local capil- 
lary dilatations were always especially notice- 
able near areas of hemorrhage The 
arteries and veins in the submucosa showed 
markedly dilated and constricted sections, so 
that they looked irregularly beaded.” 


He further explains the findings as 
follows: 


; the erosions and hemorrhages are the 
result of a local auto-digestion. This auto- 
digestion is localized because it only occurs in 
asphyctic areas of the mucosa. The local 
asphyxia is caused by a decrease or stoppage 
of the blood circulation in the capillaries of 
that region. The focal capillary circulation is 
deficient because apparently travelling peristal- 
toid contractions in the arterioles, veins and 
even capillaries impede or temporarily abolish 
the transit of blood in these areas. These peris- 
taltoid contractions also would explain the 


peculiar structure of the hemorrhages alluded 
to above” 


It is therefore at least theoretically 
possible that a severe anaphylactic reaction 
may explain gastric hemorrhage unasso- 
ciated with organic lesions in man. The 
fact that in the greatest majority of 
instances hemorrhages of this type are 
associated with chronic infection of the 
gall-bladder, appendix or diverticula of 
the intestines may indicate their associa- 
tion as a localized anaphylactic phenomenon. 
Further work of Auer! tends to show that 
if an individual sensitized to any foreign 
protein is again subjected to a subliminal 
dose of the same agent, insufficient in 
itself to produce generalized reaction, a 
localized yphylactic reaction will occur 
at any site of inflamm ation or injury at 
that time present in the body or produced 
soon after while the agent is still circulating 
in the blood. To quote Auer’s experimental 
work: Rabbits sensitized against horse 
serum, were again inoculated with a 
subliminal dose of horse serum and a few 
minutes later a local irritant (xylol) was 
applied to the rabbit’s ear. Hemorrhagic 
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reaction occurred and dry _ gangrene 
resulted in loss of as much as half of the 
end of the ear, a reaction which was not 
present in any of the normal, or sensitized 
abbits used as controls. This reaction is 
interpreted as being the result of local 
antoinoculation in a sensitized rabbit, the 
sensitizing agent, circulating in the blood is 
carried in excess to a single locality (ear) 
by reason of the local inflammation and 
congestion caused by application of an 
irritant. A subliminal concentration of 
antigen for non-inflamed sensitized cells 
may thus become effective when inflamed 
sensitized cells are concerned. This process 
may theoretically occur in any tissue of a 
sensitized animal which can show an 
anaphylactic reaction, for example, the 


intestines, lungs, heart, skin, nerves, 
arteries, etc. It is possible that this 


interplay of conditions may explain a 
number of functional abnormalities in the 
human subject. It is theoretically possible 
therefore, that chronic infection of the 
gall-bladder, appendix, or diverticulum of 
the intestinal tract, may produce sensitiza- 
tion in the individual to these products of 
bacterial growth; that such a sensitized 
individual may, by the intermittent dump- 
ing of the same infectious material into 
the intestinal tract, thus reinoculate him- 
self; the dosage thus administered is 
subliminal and insufficient to produce a 
generalized anaphylactic reaction, but can 
result (as Auer has shown) in a localized 
anaphylactic reaction at the point of 
irritation produced by the constant dis- 
charge of pus into the intestinal canal. 

The acceptance of this theoretical 
assumption then should emphasize the 
need for a thorough investigation of any 
possibility of foreign protein sensitization 
in cases of obscure gastric hemorrhage or 
for foci of infection, especially those in 
organs emptying into the gastrointestinal 
tract, such as gall-bladder, appendix, or 
intestinal diverticulum. 


SUMMARY 


Definite hemorrhages from the gastro- 
intestinal tract have been noted by many 
authors in which the point of bleeding could 
not be demonstrated. 
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2. Explanation of the hemorrhage in 
these cases merely on the basis of seepage 
from engorged blood vessels has never 
seemed entirely satisfactory. 

3. Experimental work of Auer has sug- 
= the possibility of the hemorrhage 

ing a manifestation of auto-reinoculation 
of an individual previously sensitized by 
infection of the gall-bladder, appendix or 
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diverticulum of the intestinal tract, with a 
resulting localized anaphylactic reaction. 

4. All patients having hemorrhages from 
the gastrointestinal tract without demon- 
strable organic lesion should be subjected 
to thorough examination for foreign pro- 
tein sensitization and for focal infection of 
organs which drain into the intestinal 
tract. 
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BONE LESIONS IN SARCOID: A ROENTGEN AND 
CLINICAL STUDY* 
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Departments of Roentgenology and Dermatology, Henry Ford Hospital 


DETROIT, 


lesion to’ be described in this 
communication is a form of tuberculosis 
sometimes affecting the osseous system. 
The etiology is frequently unrecognized, 
partially because the lesion is uncommon 
and partially because it is difficult to 
establish the etiological factor by the 
ordinary laboratory methods. This is a 
systemic lesion but it frequently has an 
associated skin manifestation, and descrip- 
tions of it are usually found in the derma- 
tological literature. The bony lesions may 
be present, however, without involvement 
of the skin and therefore many cases of 
this type are probably missed, as the bony 
lesions are often relatively benign. 

We present no new findings of primary 
importance in this disease, and none have 
been reported in the recent literature. We 
intend rather to draw attention to the 
roentgen changes in the osseous system as 
these have been emphasized but little in 
the roentgen literature. A brief description 
of the associated findings will be given. 


Case 1. G. D. (No. 72326). This patient, a 
male, aged sixty, was admitted complaining of 
swelling of the fingers. He was of American 
stock, formerly in the retail grocery business 
but had retired because of inability to use 
the hands. The family history was unimpor- 
tant. The patient had always been fairly 
healthy until the onset of this present illness. 
This was eight years previous to admission 
when he developed a “‘fungus growth”’ on the 
mucous membrane of the nose. This caused 
nasal obstruction and was removed surgically. 
Shortly after this he noticed a swelling on the 
middle phalanx of the right index finger. Other 
bones were involved but only in the hands and 
feet. There was a moderate degree of redden- 
ing, pain and tenderness. The nails on the 
fingers and toes were rough and irregular and 
there was at times some exudation of serum. 
Concurrent with these changes lesions appeared 
in the skin of the face. They were deep in the 
skin, a purplish red, painless and had never 
suppurated. They had persisted practically 
unchanged for several years. 


MICHIGAN 


On physical examination the patient was 
an emaciated white man looking fully his 
stated age. Weight 133, thirty pounds under 
weight; temperature, 97°F.; pulse, 88; respira- 
tions, 20. 

He seemed weak and ill. There was a marked 
stridor of the voice and on exertion there was 
marked dyspnea. The eyes were normal in 
function and innervation. Hearing normal. 
Upon perforation of the septum, there was 
found a brownish black growth incrusting both 
sides of the septum. The sinuses were clear on 
transillumination. The tonsils showed nothing 
unusual. The mucous membrane was pale but 
clear. A few small glands were palpable in 
the cervical and axillary regions. The thyroid 
was not enlarged. The chest was very thin and 
emphysematous but clear. The heart was not 
enlarged and no murmurs were heard. There 
was some thickening of the arteries. Blood - 
pressure, 120/75. An electrocardiographic trac- 
ing showed some slight left ventricular prepon- 
derance. The abdomen was normal. The liver 
and spleen could not be felt. Examination of 
the rectum and genitalia revealed nothing 
unusual. The deep reflexes were active and 
equal. 

The skin presented three distinct types of 
lesions: 

(1) An area, 1.5 X 3.5 cm. over the right 
temple. This had been present since birth, 
and recently a small ulcer developed following 
an injury. This area was composed of closely 
grouped flat-topped papillae, soft and of a dark 
red color. In the center of the larger area, 
there was a small superficial ulcer; 0.8 cm. in 
diameter with a tight scab. The edges were 
raised, slightly rolled and indurated. This 
lesion comprised a typical non-vascular nevus 
with a superimposed basal cell epithelioma. 
The latter disappeared after treatment with 
radium. 

(2) On the face there were several lesions 
which had persisted for at least six years, 
although there was no assurance that their 
morphology had remained constant. There 
was one lesion occupying the tip of the nose, 
one on either cheek, and two smaller lesions, 
the one on the chin being removed for section. 
The largest of these lesions, the one on the left 
cheek, was 4 cm. in diameter, while the smallest 
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was_1.5 cm. The lesions were dark purple in 
eolor and were slightly raised above the sur- 
face of the surrounding skin. They were smooth 
and showed no nodules. On inspection they 
appeared to have regular and well-defined 
borders. On palpation they were slightly 


Fic. 1. Case 1. Bone lesions in sarcoid. This case ee 
both bone destruction and trabecular alteration. 


indurated and without sharp edges. Over these 
lesions there was a fine network of dilated 
capillaries. The lesions were painless and 
showed no elevation of temperature. 

(3) The third type of lesion was found on 
the fingers and toes. On the right hand, the 
first, second, and fourth fingers were involved, 
while on the left the first and second fingers 


Fic. 2. Case 1. Bone changes in phalanges of toes. 
showed changes. The involved fingers showed 
fusiform swellings. The locations of the swell- 
ings varied on the different fingers but on one 
or another finger proximal, distal and mesial 
phalanges were all involved. On the right hand, 
the distal phalanx was involved in both the 
second and fourth fingers. Here the nails were 
atrophic and were exuding serum. The involve- 
ment of the second finger on the left hand was 
most marked. Here there was definite’ bone 
destructior. These lesions on the fingers were 
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red, the skin tense and function was very 
materially:interfered with. There was not much 
pain except on deep pressure. 

Both great toes were involved. The lesions 
were of the same type but not so extensive as 
in the fingers and there was no loss of function. 


Fic. 3. Cote 1. Fusiform swelling of fingers with involve- 
ment of nails of two fingers. 


The laboratory reports showed the Wasser- 
mann reaction negative with all antigens. Blood 
count showed Hb. 69 per cent; red blood cells, 
3,460,000; white blood cells, 5,300. The differ- 
ential count showed: polymorphonuclears, 73 
per cent; eosinophiles, 3 per cent; small mono- 
nuclears, 2 per cent; large mononuclears, 21 
per cent; transitionals, 1 per cent. Blood chem- 
istry showed: sugar, 59; nonprotein nitrogen, 


31.6; urea N. 15.4; uric acid 2.90 mm. per 
100 c.c. Urinalysis: specific gravity 1.002, 
reaction acid, albumin negative, Benedict 
negative, casts none. Microscopic examina- 


tion was negative except for a few epithelial 
cells and leucocytes. The urine was negative 
for Bence-Jones proteins. These examinations 
have been frequently repeated without mate- 
rial change in the results noted. Smears made 
from the nose showed no acid-fast bacilli. 
An examination of the spinal fluid showed it 
to be normal. Tuberculin tests were negative. 

Roentgen examination was made of both 
hands and both feet. There are multiple bone 
changes in the phalanges of the right thumb, 
index, middle and small fingers of the right 
hand. The right third metacarpal is also 
involved and there is involvement of the 
phalanges of the index and middle fingers of 
the left hand. The bones of the right foot also 
show involvement. These changes are charac- 
terized by a general alteration in the trabecular 
structure and by circumscribed areas of central 
destruction. There is also absorption involving 
the distal phalanges of the right middle and 
small fingers and the middle phalanx of the 
middle fingers of the left hand. 
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Roentgen examination was made of the skull, 
chest, spine and other long bones. 

The skull is negative. 

The chest shows only a moderate amount of 
perivascular fibrosis. The findings are otherwise 
negative. 


Fic. 4. Case 1. Shows patient when first seen early in 
1926. 


The pelvis and spine are negative. 

A few cystic areas are seen in the lower end 
of the radius and ulna. No other pathology is 
seen. 

A biopsy was done, a section of the skin being 
removed from the face for microscopic study. 

Gross Pathology. The specimen consists 
of a small piece of facial skin 20 K 11 mm. in 
size. In the center an area 6 X 6 mm. Is some- 
what thickened without altering the surface 
characteristics of the skin. On cut through 
center no macroscopic changes are seen. 

Microscopic. Sections show the surface 
epithelium of usual thickness but with some 
papillary hypertrophy throughout. Immedi- 
ately about the papilla there is considerable 
round and wandering cell infiltration. Deeper 
we see rather large collections of round and 
wandering cells mingled with polymorphonu- 
clear leucocytes. Still deeper we see single and 
conglomerate whorls of epithelioid cells with 
occasional giant cells forming rather typical 
tubercles. These lesions extend down to the line 
of excision. There is no caseation made out. 
The left second finger was also removed for 
study. 
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Gross Pathology. The specimen consists of 
left middle finger. It is enlarged to twice the 
normal size. The skin is unbroken but edema- 
tous. On section the skin and other soft tissues 
are pale, edematous and very soft. There is no 
exudate visible but a peculiar granular appear- 


Fic. 5. Case 1. Patient two years later showing deform- 
ity of nose due to absorption of the cartilage. 


ance is evident. On cut through specimen after 
hardening the bone is of pinkish-gray color, 
differing but little from color of soft tissues. 

Microscopic. Sections taken from finger 
through skin, subcutaneous tissues and bone 
show the surface epithelium much thickened 
and covered with pink staining, homogeneous, 
epithelial debris. Deep in the areolar tissue we 
see single and conglomerate whorls of epithe- 
lioid cells with an occasional giant cell giving 
the typical appearance of tuberculosis without 
caseation. In the bone proper the marrow is 
entirely replaced by single and conglomerate 
whorls of epithelioid cells. Here also we see only 
an occasional giant cell and no suggestion of 
caseation. Sections stained for acid-fast bacilli 
fail to reveal the same on careful and systematic 
search. 

Bacteriological. A cubic centimeter of 
tissue from the center of the bony portion of the 
finger was ground up in a mortar with salt 
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solution. This material was equally divided 
and injected directly into the inguinal glands of 
four half grown guinea pigs. These pigs con- 
tinued to gain in weight and showed no glandu- 
lar enlargement for a period of three months. 

The skin lesions were first seen in January, 


Fic. 6. 
Fic. 6. Case 1. Section from skin. Intense infiltration of round and wandering cells throughout areolar tissue and 
a whorl of epithelioid cells. 
Fic. 7. Case 1. Section from phalanx showing trabeculae of compact bone and complete replacement of marrow by 
whorls of epithelioid cells. 
Fic. 8. Case 1. Whorls of epithelioid cells and typical giant cells. 


1926. Since that time the lesions have slowly 
subsided. The lesions on the face show much 
less coloring and there is not so much indura- 
tion. The fingers are less swollen. The nails are 
still atrophic. The function in the fingers has 
not returned. 

With the disappearance of the swelling in 
the fingers the skin has become tight and atro- 
phic, the fingers a dead white and there is 
marked impairment of the circulation in the 
fingers. There is no flushing of the fingers in the 
dependent positions and they are not painful. 
They are sensitive to cold. 

During this period of observation another 
fact has been noted. Without ulceration the 
cartilage of the nose has gradually disappeared. 
The stridor of the voice, noted on admission, 
has increased. Laryngoscopic examination 
shows a curious deformity of the larynx due to 
absorption of the cartilage here. 

The patient himself during this period of 
observation has become extremely emaciated 
but shows no signs of active tuberculosis. 

During this period various methods of 
treatment have been tried. The patient was 
given neo-arsphenamine intravenously. The 
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hands were given roentgen therapy. Arsenic 
was given by mouth as Fowler’s solution and 
Asiatic pill. 

The patient’s general emaciation and weak- 
ness was given consideration, but there is no 
evidence that any of these measures were of 


Fic. 8. 


great value. As noted, the skin manifestations 
were somewhat improved but on the whole 
the patient has lost ground. 


Fic. 9. Case 11. Shows punched out areas in the bones 
with some areas showing bone reaction. 


Case. F. S. (No. 86225). The patient is 


a white male, aged thirty. Occupation, machin- 
ist. Entrance complaint was “fits,” gastric 
distress and headaches. The family history 
was unimportant. The patient stated that 
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about six years before admission a_ lesion 
appeared on the right cheek. This lesion has 
never been itchy or painful. Two years ago a 
similar lesion appeared on the opposite side of 
the face. Painless swelling developed on the 
fingers during this period. These have never 
interfered with his work. 

This patient proved to be a typical case of 
Froelich’s syndrome with impaired mentality 
and judgment and a_ clouded  sensorium. 
Examination of the head, chest, cardiovascular 
system and abdomen revealed nothing unusual. 
The nervous system was involved with evi- 
dence of pituitary and cerebellar damage with 
roentgen evidence of change in the sella 
turcica. 

The laboratory studies showed nothing of 
importance except a decreased sugar toler- 
ance. So far as could be observed there was no 
evidence of tuberculosis, and the finding in 
the skin and tissues of the fingers could not 
be connected with the Froelich 
present. 

This patient is obese. The skin is well filled 
out with the fat pads characteristic of pituitary 
disturbance. The hair shows a female type of 
distribution. The skin is dry. There are two 
types of skin lesions noted: 

(1) There is a lesion on the right cheek, 
2 X 5 cm. in size and of six years’ duration. 
The edges are irregular and the surface rough. 
The color is a faded purple. The lesion is soft, 
painless and shows no evidence of any acute 
inflammatory process. The irregular surface is 
due to depressions between small soft nodules. 
There is no evidence of ulceration or scarring. 

There are remains of similar lesions on the 
nose and opposite cheek. These are smaller in 
size and have nearly disappeared. 

(2) All of the fingers on both hands, except 
two, show painless, fusiform swellings of six 
years’ duration. The lesions are firm, not hard, 
although there is involvement of the bone as 
well as of the soft tissue. There is some curving 
of the nails, a beginning atrophic change. The 
function of the fingers has not been disturbed. 

This patient was followed only a short time, 
and there was no opportunity to treat him or 
follow the evolution of these lesions. 

Roentgen examination of both hands dis- 
closed rather typical lesions in a number of the 
phalanges. These bones show a general altera- 
tion in the trabeculae, and one or two of the 
bones disclose punched out areas of destruc- 
tion without much evidence of bone reaction. 
There was moderate soft 
present. 


syndrome 


tissue swelling 


The lesions in the skin in both of these 
cases were of the same type. They were 
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indolent, painless, non-ulcerating granu- 
loma, involving chiefly the subcutaneous 
tissue. These lesions are sarcoids of the 
Darier-Roussy subcutaneous type. There 
have been several excellent descriptions of 
these lesions in the recent literature by 
Finnerud! and Goeckerman.? 


ROENTGEN CHANGES 


The bone changes, as shown roent- 
genologically, consist of a slowly progres- 
sive alteration in the trabecular formation 
of the bone followed by actual bone 
destruction as the lesion progresses. 

There would appear to be several types 
of bone involvement although these may 
blend into each other in the later stages. 
In the one type, the primary lesion appears 
to be mainly an alteration in the trabecular 
structure of the bones which show a coarser 
architecture than the normal. As the lesion 
progresses, areas of destruction appear in 
the bones. These are either central or 
cortical or both, and vary in size from areas 
a millimeter or more in diameter to com- 
plete destruction of the bone. 

In the other type, the lesions begin as 
punched-out areas of bone destruction in 
the phalanges. These may extend entirely 
through the bone and there is occasionally 
a line of eburnation around the margin. It 
is entirely probable that these two types 
are different manifestations of the same 
process and have the same end-result. 

The phalanges are most frequently 
involved, although the metacarpals and 
metatarsals also show lesions and one of our 
cases had a small area of involvement in 
the lower end of one radius. 

Complete destruction is most likely to 
occur in the terminal phalanges although 
other phalanges may also show extensive 
destruction. Cases are reported in the 
literature which showed tuberculous foci 
in the lungs, but the lungs were clear in 
our cases. 

The progress is very slow as shown by 
the slight changes which developed in one 
of our cases under observation over a 
period of two and one-half years. There is 
usually moderate soft tissue swelling over 
the affected areas. 


HISTOLOGY 
The histological picture is rather typical 
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of a productive type of tuberculosis with- 
out caseation. The most constant typical 
findings are the whorls of epithelioid cells 
with occasional giant cells. The nodule-like 
areas may be single or conglomerate and 
are usually separated by connective tissue 
septa. There may be thickening of the 
surface epithelium and beneath this are 
often found collections of round and 
wandering cells mixed with polymorpho- 
nuclear leucocytes. These findings, iw. 
ever, are usually incidental to the typical 
epithelioid whorls. In a well-developed case 
the findings are rather typical, but in early 
cases they may suggest only chronic inflam- 
mation. Tubercle bacilli can usually not 
be demonstrated. 


ETIOLOGY 


While the etiology is not indisputable, 
most of the evidence, both clinical and 
experimental, points to the tubercle bacillus 
as the etiological factor. The histological 
picture is definitely that of a productive 
type of tuberculosis. Kyrle‘ has demon- 
strated the tubercle bacillus in early skin 
lesions, but in most cases this is not 
possible, especially in the later stages of the 
disease. saat oe who has done exten- 
sive experimental work in an attempt to 
cotabelsah the etiology, has been able by 
inoculating guinea pigs and following them 
through successive generations to produce 
typical tuberculous lesions. He Cilven 
that the bovine strain may be the type 
involved, which might explain the unusual 
reaction. From the fact that various 
observers report a filtrable form of the 
tubercle bacillus we are led to suggest that 
the etiology may be explained on this basis. 
Schaumann’s work would tend to confirm 
this opinion. This should be an interesting 
subject for future investigation. 


DISCUSSION 


The lesion under consideration would 
appear to be an atypical form of tubercu- 
losis which may or may not show skin 
manifestations. The etiology has been 
under dispute, but those claiming the 
tubercle bacillus as the etiological agent 
would appear to be in a favorable position 
as tubercle bacilli have occasionally been 
demonstrated in the lesions, and guinea 
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pig inoculations will sometimes produce 
the lesions. The histological picture is also 
typical of tuberculosis. These positive 
findings would appear to bear more weight 
than the negative ones. The tuberculin 
reaction is commonly negative unless the 
patient develops clinical evidence of 
tuberculosis. 

The roentgen changes are fairly charac- 
teristic and will frequently clinch the 
diagnosis in an otherwise doubtful skin 
lesion. The bone lesions may be present 
without any other manifestation of the 
disease. The pathological picture in well- 
developed cases is that of tuberculosis 
without caseation. 

This clinical picture would appear to 
include a group of lesions such as the Boeck 
and Darier-Roussy sarcoid, lupus pernio, 
and others. It is already apparent that it is 
a serious question as to whether these 
names should not be abolished and that 
this syndrome should be called tuberculosis 
with skin and bone manifestations. Jiing- 
ling? has called this ostitis tuberculosa 
multiplex cystica which would seem to be 
a better name than the classification used 
at present except that it implies bone 
changes only. 
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ABSTRACT OF DISCUSSION 


Dr. Ricuarp H. Sutton, Kansas City, Mo., 
stated that our knowledge of the sarcoid of 
Boeck is as yet ill defined. He stated that he 
had gradually arrived at the opinion of the 
majority of observers that the condition is 
tuberculous. There are many, however, who 
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are not yet convinced of the tuberculous nature 
of the disease. This is due to the fact that 
although giant cells are found and the his- 
tological picture in the typical Darier-Roussy 
type is that of tuberculosis, still in the major- 
ity of instances the disease cannot be produced 
in animals by inoculation. The typical sarcoids 
of Boeck were at one time thought to react 
specifically to arsenic but this has been found 
not to be the case. Some of them do not respond 
to any type of treatment. 

Dr. H. J. ULLMANN, Santa Barbara 
stated that he had seen one 
Boeck which reacted favorably to small doses 
of roentgen rays. 

Dr. L. R. Sante, St. Louis, Mo., called atten- 
tion to a rare type of primary periosteal 
tuberculosis associated with skin lesions. The 
disease is apparently multiple and the roentgen 
picture is usually negative since only the 
periosteum is involved. The skin lesions are 
in the vicinity of and appear to be a direct 
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continuation of the periosteal involvement. 
They look like rounded nodular elevations 
varying usually in size from 0.5 cm. to 3 or 4 
cm. in diameter, are bluish in color and have 
the appearance of a malignant lesion which 
has broken through the skin from pressure. He 
had recently seen such a case in which the 
lower end of the radius and several places on 
the ribs were involved, producing an extra- 
pleural effusion which had the appearance in 
the roentgen picture of a secondary manifesta- 
tion of malignancy in the pleura. To further 
carry out this deception there were several 
round nodular areas scattered throughout both 
lung fields that simulated in every respect the 
appearance of a secondary malignant process 
in the lung. On careful roentgenoscopic examin- 
ation and carefully tracing out these areas it 
was found that they were all connected with 
ribs and were actually extrapleural. Tubercle 
bacilli were found in the secretions from the 
wounds. 
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INTRODUCTION 
pies object of this communication Is to 
report three cases of sarcoma of the 
uterus, and to study the importance of 
this disease as an actual menace to life, 
especially when developing in fibromyoma 
of the uterus. Sarcoma in the ordinary 
sense is a malignant and fatal disease. If 
it occurs In fibromyoma of the uterus as 
frequently as is indicated in statistical 
reports of recent years, one of which places 
the incidence as high as 12 per cent, there 
is needed a radical change in our attitude 
toward the management of the benign 
condition. According to the prevailing 
opinion, a simple uncomplicated smooth 
muscle tumor of the uterus of small size 
and without symptoms is not considered 
a menace. It is handled with the same alert 
conservatism as any other benign growth 


such as a wart or mole and becomes an 
object of treatment only when it shows 
changes or give symptoms. If it is a fact 
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that a growth which would eventually 
destroy the patient occurs in 2 or more 


per cent of myomata, then the incidence of 
this growth reaches a higher figure than 
the operative mortality figure ‘of supra- 
vaginal hysterectomy. Such a situation 
would demand the prophylactic removal of 
all myomatous uteri until there is discov- 
ered some symptom or sign which could 
be relied upon to herald the sarcomatous 
change. Myoma occurs in about 40 per 
cent of women reaching the age of forty. 
Consequently to be consistent we should 
operate on nearly every other woman 
of that age for this reason alone. Also, 
the addition of roentgen rays and radium 
to the list of therapeutic measures em- 
ployed in the treatment of uterine myo- 
mata adds to the problem. After 
radiotherapy in proper dosage, cessation 
of uterine bleeding and shrinkage of the 
myoma may be expected i in ne early all cases. 


The method, where available, has replaced 
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operation in about half the cases needing 
treatment. With such a satisfactory and 
widely practiced method at our command, 
the question of the subsequent malignant 
change of the tissue left in situ is of immedi- 
ate importance. 

In approaching this problem the first 
and most important effort is to define 
sarcoma. We may then attempt to estimate 
its frequency according to the criteria 
settled upon and, lastly, collect those cases 
of sarcoma which have followed the use 
of radiotherapy for fibromyoma, believing 
that in the eh of cases so treated and 
observed the incipient sarcomata which, 
according to the statistics, should be 
there, would develop into definitely malig- 
nant growths, if indeed they were poten- 
tially malignant in the first place, and that 
we might thereby arrive at the approxi- 
mate number of myomata which have 
turned malignant. 


DEFINITION OF TERMS 


Incidence among Uteri Removed at Opera- 
tion and Autopsy 

A very great diversity of opinion appar- 
ently exists as to what the words “‘sar- 
coma of uterus” connote. Because of this 
confusion, differences of opinion have 
arisen as to the proper method to employ 
in the prophylaxis and treatment of this 
disease. By subjecting some of the figures 
and statements recorded in the rather 
voluminous literature of this subject to a 
critical analysis, it is believed that it will 
be possible to point out the sources of 
some of this confusion. At the same time, 
this analysis will, we hope, present our 
own conception of this process. 

No attempt will be made to discuss the 
various hypotheses regarding the origin 
of the tumor cells in the different types of 
neoplasms, first because there are widely 
divergent views held by different ob- 
servers, and secondly because we cannot 
see that a solution of this problem will 
materially affect our knowledge of the 
biologic aspects of the question. We have 
therefore retained the old term of sar- 
coma, using it to cover all of the malignant, 
non-epithelial neoplasms of the uterus 
which have been described under this and 
a variety of other names. 
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By “malignant” we mean a growth 
which infiltrates the tissue beyond its 
capsule, metastasizes to distant parts of 
the body, or recurs after removal. That is, 
we have not accepted as of proven malig- 
nancy any tumor which showed gross or 
microscopic evidence of changes within 
the confines of the tumor proper, alone, 
unless it recurred following removal either 
locally or as a metastasis. Our experience 
and a study of the reported experience of 
others leads us to believe that it is impos- 
sible at the present time to recognize 
malignancy in this type of neoplasm by 
means of the microscope alone. 

When the science of pathology was 
expanded in the second half of the nine- 
teenth century, following the development 
of the methods of staining cells and tissues 
for microscopic study, the existence of a 
form of malignant neoplasm was recognized, 
which grew in the uterus usually in associa- 
tion with a fibromyomatous tumor and 
which was capable of invading contiguous 
tissues and of metastasizing to distant 
organs. Morphological investigation re- 
vealed that the cells composing the major- 
ity of these neoplasms resembled the par- 
ent cells of the fibromyoma but that they 
were very prone to vary in size, shape and 
number of nuclei; that grossly the neo- 
plastic tissue was apt to degenerate, and 
that such degeneration was often associ- 
ated with hemorrhages or cyst formation. 

The first studies of these cases were made 
from autopsy material, but with the 
development of the modern operation of 
hysterectomy, surgeons began to remove 
vast numbers of uteri with fibromyomatous 
tumors. A certain number of these neo- 
plasms were examined and among them 
were some which showed apparently the 
same cell changes as had been seen in the 
metastasizing sarcomata_ studied at 
autopsy. These changes were considered 
sufficient evidence to warrant the classifi- 
cation of these tumors as sarcomata. 

A very extensive résumé of this whole 

eriod was made by Piquand (1905). 
Sacanes the years 1857 and 1905 he 


collected reports of 137 cases, including 5 
of his own. Of these, the diagnosis was 
based upon morphological evidence alone 


in 103. 


f the remainder, 4 must be dis- 
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carded because of doubt as to whether they 
are sarcomata or carcinomata; 8 were found 
to have invaded surrounding structures; 
15 recurred after removal and in 8 there 
were metastases. Therefore in this forty- 
eight year period, a compilation covering 
the literature of eight centuries contains 
records of 31 proved malignant sarcomata of 
the uterus. 

Four years later Kelly and Cullen (1909) 
published another elaborate investigation. 
Among over 1400 myomata of the uterus, 
there were 17 which they considered 
showed morphological evidence of being 
sarcomata. An analysis of their reports 
shows that there were proofs of malignancy 
in but 7; Le., 2 recurred locally after 
hysterectomy, 3 showed apparent invasion 
of neighboring tissues and 2 had distant 
metastases. On the other hand, a few of the 
10 cases for which there exists nothing but 
morphological evidence that they were 
sarcomata, have remained well several 
years after operation. 

In 1920 the results at the Mayo Clinic 
were studied by Evans. He found that 
from 1906 to 1918 inclusive, a period 
of thirteen and a quarter years, there had 
been 4000 operations for uterine fibro- 
myomata. Seventy-two of these had been 
reported as being suspicious or malignant 
but only 11 proved to be so by recurring 
locally and invading the peritoneal cavity, 


and, using his criterion, only 13 were 
histologically malignant. This gives us a 


figure “of 0. 39 per cent of all fibroids 
removed by operation which are malignant. 
This corresponds very closely with the 
figure of 0.5 per cent obtained for Kelly 
and Cullen’s proved malignant neoplasms 
among the fibromyomata. 

A few years ago it began to be the fashion 
for pathologists and gynecologists to exam- 
ine series of fibromyomata removed at 
operation for evidence of ‘‘sarcomatous 
degeneration,”’ and the results were star- 
tling. Warner (1917) and Miller (1913) 
found that about 2 per cent of all myo- 
matous uteri show “‘sarcoma,” and Geist 
(1914), while examining myomata 
found that 4.8 per cent of them showed 
‘““sarcomatous change.” Spencer in discus- 
sing a presentation of 2 cases of sarcoma of 
the uterus by Andrews (1921-22) stated 
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that he had found sarcoma in 6 per cent of 
all cases of myoma and that Bumm put 
the figure as high as 12 per cent and that 
because of this he now did total hyster- 
ectomy for myoma. All of these reports 
and others like them are based upon 
morphological changes and in few, appar- 
ently, has an attempt been made to find 
out what happened to the patient after she 
left the hospital. 

If the observations of these writers are 
correct, then a considerable number of 
women who have retained myomatous 
uteri are afflicted with the disease “‘sar- 
coma of the uterus.”’ If this is a malignant 
neoplasm we should be able to find autops 
records of such cases. At Bellevue Hospital, 
New York City, there are none recorded 
among the autopsy protocols, while there 
are only 3 cases, reported in this paper, at 
the Presbyterian Hospital, New York. 
At the Boston City Hospital in 1917 there 
was recorded only one case, which was 
studied by Gardner. He noted that 
of 827 leiomyomata examined at the 
hospital, 24 were histologically malignant 
but this was the only one whic inveldl or 
metastasized. Jacquin (1921) has reported 
4 cases which showed proof of malignancy; 
these were from the Strasbourg clinic 
covering a period from 1909 to 1921. It 
seems to us that these figures, together 
with the reports of Piquand, Evans, and 
Kelly and Cullen, are convincing evidence 
that relatively few women die because of 
this malignant neoplasm. 

It may be argued that hysterectomy has 
cured many of these women who would 
otherwise have died. But if this is true, 
why have we such meager autopsy records 
of women dying of sarcoma of the uterus 
in the days “before hysterectomy for 
fibromyomata became such a common 
practice? 

One cannot escape the impression that 
although an appreciable number of uteri 
may be found in which histologic changes 
have occurred exactly similar to or closely 
resembling the changes found in proved 
malignant neoplasms arising in _ fibro- 
myomata, only a small proportion of 
these are actually malignant themselves. 
One cannot say what the proportion of 
malignant neoplasms among _ histologic 
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sarcomata of the uterus is, because seem- 
ingly no one has seen enough cases and 
allowed them a sufficient length of time. 
Our impression is that the figures of 
Evans are very close to the truth and 
that only about two-fifths of 1 per cent of 
all fibromyomata become malignant 
neoplasms. 


CRITERIA OF MALIGNANCY 


Granting that there is this difference in 
the biologic behavior of these neoplasms, 
it becomes of the greatest importance to 
attempt to find criteria of malignancy. We 
shall consider here only those neoplasms 
arising in relation to fibromyomata_be- 
cause the other types of sarcomata of the 
uterus, such as the one that is said to 
arise from the stroma cells of the endo- 
metrium, are admittedly so rare as to 
exist only as a few isolated cases. 

A study of the evidence on record seems 
to show that if there is invasion of the 
tissues or veins outside of the fibromyoma, 
the chances of recurrence or metastasis 
are very great. But if the tumor is confined 
within the fibromyoma—that is, if there 
are histologic changes alone—there seems 
to be no sure way of predicting whether or 
not the neoplasms bat or metastasize. 

An oe was made by Proper and 
Simpson (1919) to differentiate their cases 
of sarcomata into three classes of malig- 
nancy according to the degree of varia- 
tion of the cells from the morphology of 
the simple leiomyomata. But it is obvious 
that such a classification must vary with 
each individual observer. A much more 
ambitious attempt was made by Evans. 
By estimating the number of mitotic 
figures per cubic millimeter he found that 
all of his proved malignant cases fell into 
a group in which the mitoses varied from 
2,200 to 12,000 per cu. mm. Two unproved 
cases also fell into this group. All the rest 
showed mitoses varying from 0 to 800. 
This method is of interest because it is 
an attempt to provide a biometric criterion 
which can be used by anyone. Unfor- 
tunately it fails as a criterion in our Case 
i, and there are a number of reported cases 
in which it fails also. 

Kelly and Cullen have shown in their 
case reports that the sarcomatous changes 
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in a fibromyoma may be so slight as to 
be overlooked in the cursory examination 
to which most fibromyomata removed by 
operation are subjected and yet the neo- 
plasm may recur in the vaginal vault two 
years after hysterectomy. But they have 
also shown that tumors which have a 
more malignant histologic aspect may 
give no signs of recurrence nine years 
after removal. 

Further, we cannot feel sure that an 
apparently simple fibromyoma may not 
manifest malignant tendencies. Jacquin 
(1921) has reported a case of neoplasm of 
the uterus which was histologically a pure 
myoma and which, ten months after 
hysterectomy, had a recurrence extending 
from the vagina to the liver with death 
eleven months after operation. He also 
cites the cases of Langerhans, Minkowsky, 
Schlangenhaufer and v. Franque which 
were fibromyomata of the uterus with 
metastases of adult fibromyomatous tis- 
sue in the lungs and elsewhere. Recently 
Brewer (1921) has reported a case of a 
fibromyoma occurring in the abdominal 
scar nine years after hysterectomy for 
fibromyomata of the uterus. It was his 
opinion that there was implantation of 
tumor tissue in the abdominal wound at 
the time of the first operation. 


RECAPITULATION 
(1) There are malignant neoplasms 
which seem to originate from within 


fibromyomata which are sometimes, but 
not always, characterized by degenerations, 
hemorrhages, mitoses and changes in the 
size, shape, number of nuclei, and arrange- 
ment of the cells, and which show a marked 
tendency to invade the surrounding tis- 
sues and veins and sometimes to metas- 
tasize through the blood stream; 
these are very rare neoplasms occurring 
probably in less than half of 1 per cent of 
the fibromyomata removed by operation; 
(3) from 1.5 to 11.5 per cent of all fibro- 
myomata removed by operation show 
morphological changes more or less closely 
resembling these proved malignant neo- 
plasms, but statistical studies show that 
they probably cause no more embarrass- 
ment to the host than do other fibro- 
myomata; (4) there have been recorded a 


(2) 
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few cases of histologically pure fibro- 
myomata which have shown invasive 


growth and have metastasized; (5) unless 
there are evidences of invasive growth or 
metastasis, there seem to be no unfailing 
criteria of malignancy in neoplasms aris- 
ing in fibromyomata; (6) the terms “‘sar- 
coma,” “‘malignant myoma”’ and _ their 
synonyms, all of which terms suggest 
malignancy or potential malignancy, have 
been applied indiscriminately to all of the 
above-mentioned types of neoplasms and 
this has led some to express the opinion 
that a good many fibromyomata 
malignant tumors. 

For the above reasons and because these 
terms “sarcoma” and ‘malignant 
myoma” have the same significance as 
cancer in the minds of most “clinicians, it 
is our belief that the opinion expressed by 
Strong (1916) is equally true today: “The 
only safe criterion for the diagnosis of 
sarcoma of the uterus is infiltrative and 
destructive growth. Mere richness in cells, 
mitoses and even irregularities in the size 
of cells do not constitute sarcoma.”’ 


are 


THE INCIDENCE OF SARCOMA AMONG FIBRO- 
MYOMATA TREATED BY RADIOTHERAPY 


The difficulties of deciding w hat would 
have been the future behavior of a piece 
of tissue by its microscopic appearance 
are obvious. The appearance of the tissue 
must be compared with that of specimens 
from tumors which have in fact become 


malignant. In sarcoma of the uterus the 
total number of specimens, even on the 
broadest calculation, 1s so small as to 


make generalizations unsatisfactory. 

To determine the frequency with which 
fibromyomata change to sarcoma, a study 
of a large series of cases of fibromyoma 
with a view to finding out their subsequent 
fate would be interesting. We have such a 
series in those cases treated by radium and 
roentgen rays. Since 1900 radiotherapy 


has been employed for the treatment of 


fibromyoma. In 1909 it had reached such 
a stage of development that it had become 
universally employed in Europe, and 
since 1914 has been increasingly used 1 
the United States. At a single meeting in 
May, 1922, from five clinics ° were reported 
over 3000 cases. As nearly as can be 
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calculated over 40,000 reported cases have 
been treated by radiotherapy. 

We have thus a large number of potential 
sarcomata, and according to the most 
conservative estimate would expect to 
find reported a fair number of cases, 
during twenty years, of patients suffering 
from sarcoma of the uterus who had 
previously had radiotherapy. As a matter 
of fact, the following are the only cases 
which we have been able to cull by a 
careful search of the literature. 


Case a—Hinterstoisser (1920). A woman 
forty-one years of age, was treated by deep 
roentgen therapy. She was compelled by the 
Communistic disturbances in Austria to move 
to another town so that the details of the 
treatment are not known. 

Three weeks after the roentgen treatment 
was ended she was seized by severe signs of 
inflammation in the lower abdomen, with 
tenderness, no fever. Physical examination 
showed a mass, the size of a child’s head. 
Operation: complete hysterectomy, leaving in 
the adnexa. 

Pathological examination showed an intra- 
mural, well-encapsulated tumor of the body 
of the uterus. On cut section it showed a light 
tissue with bloody and black streaks through 
it, softened through necrosis. 

Histological Examination. The tumor tis- 
sue which was fairly sharply demarcated from 
the uterus wall, consisted partly of spindle cells, 
partly of polymorphous cells, occasionally 
giant cells. In different places the smooth 
muscle cells seemed to be changing directly 
into the spindle cell sarcoma. (Malignancy not 
proved.) 

Case B—Jacquin (1921). A woman, aged 
forty-eight, suffered for three years with 
menorrhagia, urinary sy mptoms and anemia. 
She had a uterus the size of a four months’ 
pregnancy. The uterus was treated with 
roentgen rays. The bleeding stopped but not 
the urinary symptoms. 

Six months later she was operated upon, the 
uterus excised. She declined rapidly, and died 
with metastases. The tumor showed polymor- 
phous sarcoma with giant cells developing in a 
previously existing fibromyoma. 

Cas—E c—Shoemaker (1915). A woman 
fifty-six years old, menstruated regularly, and 
suffered with a sudden increase in amount, also 
suppression of urine. A large mass was found 
filling the lower abdomen. 

Electric treatments gave no relief. A series of 
roentgen treatments of small dosage reduced 
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the mass one-fourth its size and controlled the 
bleeding within a year, but the mass grew 


again and two years later had nearly reached 
its previous size. 

It was again treated with roentgen rays and 
diminished in size. No symptoms for five years 
when there was a recurrence of dark brown 
vaginal discharge. Operation: Removed a 
multinodular uterus which showed many 
varieties of cell pictures and mitoses but no 
metastases or tissue growth outside of the 
capsule of the fibromyoma. It is not stated 
whether one or more of the myomata in 
the uterine wall showed the tissue change 
described. 


Cas—E p—See our report of Case 1. 


The occurrence of such a small num- 
ber of sarcomata in fibromyomata of the 
uterus which had been treated by roentgen 
rays and radium is explainable on one of 
two ‘theories: (1) That their actual 
incidence is very low, much below that 
suggested by the s ecimens removed at 
operation, or (2) that in some way or 
other the use of roentgen rays and radium 
has terminated in the myomata such 
processes as might have eventually ended 
in a true sarcoma. The doses used for the 
treatment of fibromyomata are so small 
that they do not cause the permanent 
disappearance of sarcoma in other tissues. 
It is difficult to believe that these cells 
are so much more susceptible. It seems 
fairer to interpret the scarcity of the 
malignant sarcomata among the cases 
under discussion as indicating an actual 
rarity of the disease. 


CONCLUSIONS 


Malignant neoplasms arising from fibro- 
myomata of the uterus and broad ligament 
are very rare, occurring in from 0.39 to 
0.5 per cent of operated cases. 

Many thousands of reported cases of 
fibromyoma of the uterus have been 
treated by radiotherapy in the past thirty 
years. During this period there have been 
reported 4 cases of sarcoma of the uterus 
in fibromyomata which have _ received 
radiotherapy. 

There are no clinical criteria by which 
sarcoma of the uterus may be recognized 
nor are there any infallible pathological 
criteria other than infiltrative 
metastasis. Because the terms poicat 
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of the uterus,” “malignant myoma’”’ and 
their synonyms suggest cancer, their dog- 

matic use should be restricted to prov ed 
malignant neoplasms. 

Since the operative mortality of hyster- 
ectomy Is as great as or greater than the 
incidence of malignant neoplasms arising 
from fibromyomata, this operation as a 
prophylactic against subsequent 
development of malignancy not 
justifiable. 

The menace of sarcoma should not alter 
the present policy of alert conservatism 
in the management of fibromyoma nor 
should it prevent the use of radium and 
roentgen rays for these tumors. 


CASE REPORTS 


Case1. Malignant tumor apparently devel- 
oping from a fibromyoma of the broad ligament. 

M. M. (P.H. Nos. 21678 and 21812.) Aged 
forty-six. 

History. Previous diseases: none. Meno- 
pause one year before onset of present illness. 
Five normal pregnancies. 

Present History. One month gradual onset 
of difficulty in starting urination, passing only 
small amounts. One week complete stoppage, 

catheterization necessary. Constipation of long 

duration especially severe for one month. Pain 
in lower abdomen, tearing, severe, and usually 
associated with desire to urinate, and sense of 
fullness in bladder region. Slight anorexia one 
week. Other symptoms negative. 


Physical Examination. Mass connected 
with uterus filling pelvis, about 15 cm. in 
diameter, hard, tender, nodular. Nodules on 
cervix. 


Pathology at Operation by Dr. G. E. Brewer. 
Some free black blood in peritoneal cavity. 
Right tube, left tube and ovary and uterus 
were “normal.” In region of right ovary was a 
mass 8 X 10 cm.; firm, friable, red, containing 
old blood clot; adherent to intestines. Two 
cysts § X 7 em. in right broad ligament. 

Procedure. Cysts and mass in right broad 
ligament excised together. 

Cross Examination. The specimens are (1) 
the right tube with a portion of the right broad 
ligament. The tube is somewhat tortuous and 
the fimbriated extremity is closed. In the broad 
ligament are 2 cystic cavities with thin, smooth 
walls, containing clear straw-colored fluid and 
measuring together 11 cm. diameter. 


Adjacent to the cysts and tube is a roughened 
reddened area with adherent blood clots from 
which the second specimen has apparently 
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been torn. (2) A mass 14 X 7.5 cm. At one end 
it is firm and smooth, while the other half has a 
rough, irregular surface revealing many cyst- 
like cavities. In some areas there ts a yellowish 
mottling. Toward the end which ts still covered 
with an intact capsule, the cut surface suggests 
an architecture of interlacing fibrous strands, 
as in a fibromyoma. With this piece there are 5 
other amorphous masses of soft, friable, 
whitish tissue and coagulated blood, the 
largest of which is 8 cm. in diameter. 

Viicroscopic Examination. Sections from 
the firmer end of the main mass show the 
characteristic arrangement of a fibromyoma- 
tous tumor, L.e., interlacing bands of smooth 
muscle cells and fibrous tissue in which the 
great majority are smooth muscle cells. Inter- 
mingled with these are cell forms of extremely 
bizarre morphology, mostly much larger than 
the smooth muscle cells, very irregular in 
shape, both of cell body and nucleus. The 
nuclear material varies greatly in its staining 
reactions, and there are a number of cells with 
several nuclei. In this region it is difficult to 
find any mitoses. As one approaches the softer 
areas of the mass these bizarre cell forms domi- 
nate the picture to a greater and greater extent 
until finally no orderly cell forms remain. Here 
there are evidences of degeneration in the form 
of pycnotic nuclei, vacuoles in the cell cyto- 
plasm, disappearance of intercellular substance 
and infiltration with round cells. In this region 
an examination of 1oo oil immersion fields 
shows an average of 1400 mitoses per cu. mm. 
(Evans’ method). At a still greater distance 
from the recognizable fibromyomatous archi- 
tecture there is complete necrosis; amorphous 
masses of pink staining material mixed with 
fibrin and red blood cells (Figs. 1 and 2). 

Course uneventful, home on fourteenth day. 
Thirty days after operation began to vomit. 
Lost appetite; dysuria, pain, and difficulty with 
defecation returned. p.x. showed a dense 
diffuse nodular mass filling pelvis. She went 
rapidly down-hill and died three months after 
operation. 


Summary. There seems to be good 
evidence that this neoplasm existed first 
as a fibromyoma of the right broad liga- 
ment. Changes seem to have occurred in 
its component cells, resulting in prolifera- 
tive growth, first between adjacent smooth 
muscle bundles, extending peripherally 


through the confines of the capsule of 


the fibromyoma and broad ligament into 
the adjacent structures of the pelvis. The 
invasive growth has been accompanied 
by necrosis and hemorrhage. 
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Case u. A malignant tumor apparently 
arising from an intramural fibromyoma. 
C. M. (P.H. No. 55623.) Aged fifty-two, 
married. 
Previous History. Three normal children, 
two miscarriages. Menstruation regular up to 


“1G. 1. Case 1. Drawing of hemisection of uterus. The 
tube is shown at a. The large intramural fibromyo- 
matous neoplasm is shown projecting forward from 
the posterior wall into the greatly stretched cavity. 
At B-B areas of necrosis with hemorrhage are shown. 


the age of forty-three; uncomplicated meno- 
pause. Previous diseases negative except for 
colds. Patient is a strong healthy housewife. 

Present Historv. Five months before admis- 
sion to the hospital she began to have a little 
indigestion with discomfort after meals and 
belching of gas. For three months loss of weight 
(24 lbs.) and loss of strength. A month before 
admission a mass was felt by a physician in the 
lower abdomen but no significance was attached 
to it. For two weeks there had been a cough and 
sleeplessness. Four days before admission there 
was a little blood from the vagina and a tiny 
mass was felt. For four days there was a con- 
siderable dull pain in the lower abdomen. All 
of the symptoms were mild. 


Physical Examination. A_ chronically ill 
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woman, coughs occasionally. Bad teeth, numer- 
ous skin moles, harsh vesicular breathing and 
subcrepitant rales at left base, a few moist 
rales over whole bronchial tree. Abdomen 
slightly distended, tympanitis, slightly tender 
in both lower quadrants. At the fourchette is a 


& 


if \ 


~ 

Fic. 2. Case 1. Photomicrograph of uterine tumor; inter- 
lacing bundles of smooth muscle and connective 
tissue. Scattered throughout can be seen cells of 
larger size with variations in the numbers and appear- 
ance of the nuclei. 


mass about 1 cm. in height, bluish color, soft, 
bleeds when touched. The uterus is 12 to 15 
cm. in diameter, irregular, spheroid, firm, a 
little tender, fixed apparently by its size. 
Broad ligaments, and cul-de-sac clear. Temper- 
ature 102° F., pulse go, respiration 22. White 
blood corpuscles 13,500; polymorphonuclears, 
75 per cent.; red blood corpuscles, 4,100,000; 
hemoglobin, 60 per cent. 

Diagnosis. Acute bronchitis; fibromyoma 
of uterus; papilloma of the skin of perineum. 

Treatment. Advised to allow symptoms to 
subside before operating. 

Course. Temperature rose irregularly to 
103.4° F. on the fourth day after admission. 
Subjectively unchanged. Chest, unchanged. 
Blood culture, negative. Wassermann, nega- 
tive. Stereoscopic roentgenograms show fields 
to be clear. Diaphragm irregular and costo- 
phrenic angle clear. There is no evidence of 
pulmonary disease. 

Operation. Decided upon because sepsis 
was evidently increasing and coming from the 
uterus. The small pedunculated mass at vulva 
was excised. Dilatation and curettage before 
operation yielded some bluish greenish red 
material unfamiliar to operator. An immediate 
frozen section showed masses of small round 
cells. The probability of sarcoma was dis- 
carded because of the rarity of the condition. 
A massive inflammatory round cell infiltration 
in a myoma, and edema seemed to explain the 
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picture. Laparotomy. Supravaginal hysterec- 
tomy, leaving in a thin rim of cervix and 
cutting the uterine vessels fairly close to the 
uterine wall. Double salpingo-ojphorectomy. 
There was an adhesion between the uterus and 
anterior abdominal wall. At this point was a 


Fic. 3. Case 1. Higher power photomicrograph showing 
in more detail the variations in the size and appear- 
ance of the cells and their nuclei. 


reddish mass 2 cm. in diameter which looked 
like a firm red blood clot. The lower abdomen 
and broad ligament showed no infiltration or 
masses. 


Fic. 4. Case 1. Drawing of vein from myometrium of 
uterus outside of the tumor showing plug of tumor 
cells attached to one wall and almost filling the 
Jumen. 


Gross Examination. The specimens are (1) 
a uterus removed without the cervix but with 
the tubes and ovaries attached. It is 10 cm. 
from fundus to cervix and 11 em. broad. The 
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external surface shows the peritoneal surface 
intact over the fundus and upper part of the 
body, while the rest of the surface is covered 
with roughly torn tissue. The tubes and ovaries 
seem atrophic. An anteroposterior section from 
fundus to cervix shows that the increase in size 
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but with a tendency for the majority of the 
cells to be elongated. The cell bodies take a 
reddish brown stain as do the smooth muscle 
cells of the uterus and the fibromyoma. Most 
of the nuclei stain deeply and have an easily 
distinguishable reticular structure. Mitoses 


Fic. 5. Case 11. Photomicrograph of tumor tissue show- 
ing the interlacing bundles of smooth muscle and 
connective tissue. Scattered throughout can be seen 
cells of larger size and with irregularities in size and 
appearance of nuclei. 


of the uterus ts due chiefly to a large tumor 8 
cm. in the longitudinal axis and 5 cm. antero- 
posteriorly. It lies in part between the inner 
layers of the stretched and thinned out muscle 
fibers of the uterine wall and impinges antero- 
inferiorly upon the uterine cavity. It has in 
general the appearance of a fibromyoma—that 
is, interlacing bands of fibrous and muscular 
tissue. Between some of these in the lower part, 
however, there are a number of dark reddish 
areas which seem to be made up of friable 
tissue and degenerated blood. Where the 
surface of the tumor in its lower part impinges 
upon the uterine cavity it is covered with 
ragged, shaggy remnants of degenerated tissue. 
The internal os is nearly 1 cm. in diameter and 
opens into the cavity of the uterus which is 
sickle-shaped, being displaced backward by 
the impinging tumor (see Fig. 3); (2) some 
friable blood clots said to have been removed 
from the area of adhesions between the anterior 
abdominal wall and the anterior wall of the 
uterus; (3) a mass of tissue I X 0.5 cm. said to 
have been removed from the perineum. It 
is dense and fibrous; (4) curettings from the 
uterus. 

Microscopic Examination. Sections of the 
main tumor show approximately the same 
changes in all parts, the only variation being in 
degree. The usual architecture of the fibro- 
myoma in which the smooth muscle cells 
predominate is preserved. Between adjacent 
bundles, however, there are groups of large 
cells with great variations in size and shape 


Fic. 6. Case u. High power photomicrograph of tumor 
cells showing wide variation in the size, shape and 


appearance of the cells. 


three mitotic 
figures in the section. 


There are 


vary greatly. In the area from which the 
photomicrograph was made, 100 oil immersion 
fields were examined without finding a single 
mitotic figure. In other parts of the tumor it is 
possible to find 3 to 4 in a single high power 
field. The general average everywhere is very 
low, however. The change from the uniform 
muscle cells of the fibromyoma to the adjacent 
cells of bizarre form is insensible; that is, the 
two types are intermingled at their junction 
(see Figs. 4 and 5). 

A section from the wall of the uterus adjacent 
to the neoplasm shows some of the bizarre 
cells within the lumina of 3 separate venules. 
In each instance the cells are attached to the 
wall of the vein at one point but free elsewhere 
(Fig. 6). 

(2) Sections of the tissue between the 
uterus and anterior abdominal wall shows blood 
clot which is filled in many places with cells of 
the same bizarre type. No mitoses found in this 
area. 

3) A section from the nodule in the peri- 
neum shows that the tumor has invaded this 
region also beneath a covering of thick stratified 
epithelium. 

Course. There was a more or less continuous 
brownish discharge, with occasional gushes of 
blood. Induration in the broad ligaments 
increased. There was on the fiftieth day after 
operation, a definite globular friable mass in 
the stump. There was an abdominal fecal 
fistula on the tenth day after operation. 
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Bleeding from the vagina continued after 
operation. Signs in lungs were frequently 
heard, rales and rough breath sounds. No 
constant location. No signs of consolidation. 
Sputum occasionally blood-tinged. Course was 
progressively down-hill. Temperature remained 
elevated at all times. White blood corpuscles, 
18,000 to 20,000. Pulse and temperature 
accorded with her general appearance. She 
had mild psychosis with delusions. She grew 
weaker and died on the sixty-ninth day after 
operation. 


Summary. A history of gradual loss 
of flesh and strength in a woman, nine 
years after the menopause. Local symp- 
toms of only a few days’ duration. Bleed- 
ing apparently from a small lump in skin 
of perineum. The uterus felt as if it con- 
tained an ordinary tender myoma. Pic- 
ture was not that of a metastatic sarcoma. 
At operation an acutely inflamed uterus 
was removed. There was an adhesion 
between it and the anterior abdominal 
wall, which, with the mass in skin of peri- 
neum, proved to be sarcoma. Death 
pocalll g sixty-nine days after operation 
and autopsy showed massive local recur- 
rences as well as extensive lung metastases. 


Case ut. A case of sarcoma in a uterus 
treated by radium and roentgen rays. 

M. M. (P.H., No. 66078.) Aged forty-four, 
married. 

History. Six months menorrhagia, irregular 
lower abdominal pain. Uterine mass 15 cm. in 
diameter. Hysterectomy advised, but because 
of an acute cold patient was given radium and 
roentgen treatment following diagnostic curet- 
tage, which was negative. Amenorrhea after 
one month. Pain in abdomen and slight tem- 
perature continued. Fourteen months after the 
first admission, profuse vaginal bleeding. Piece 
of tissue passed spontaneously. Operation: 
Diagnostic curettage, complete hysterectomy, 
saipingo-odphorectomy. Uterus non- 
adherent, contained a bluish mass of soft 
doughy consistence, about 8 cm. in diameter. 

Patbological Report. Gross: The specimen 
consists of the uterus and cervix with left tube 
and ovary attached. Also the right tube and 
ovary and a portion of tissue removed from the 
interior of the uterus for frozen sections. The 
uterus measures 13 cm. by 8 X 6 cm. Attached 
to the posterior wall is a large tumor mass 7 cm. 
in diameter. The cervix and uterus have been 
opened through their whole extent and also 
the tumor mass. The uterine wall is thickened, 
firm and fibrous, 2 cm. in depth. A few Nabo- 
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thian cysts are in the cervical canal. Projecting 
into the cavity of the uterus there is a cauli- 
flower-like soft fibrous type of tumor growth, 
the lower surface of which is bluish black and 
necrotic. The upper part is a pale yellow, 
mottled. One portion of this tumor has evi- 
dently been removed from the lower extremity 
leaving a raw surface. At the point of tumor 
attachment to the lateral uterine wall there is a 
sharp line of demarcation between the tumor 
growth and uterine wall. The tumor mass on 
the posterior portion of the uterus is soft, 
lobulated and on section its capsule retracts. 
Many of the little lobules project as small 
rounded eminences and are pale yellowish 
gray. In between these nodules are excavated 
areas filled with soft cheesy nécrotic material. 
This material appears to extend through the 
posterior wall into the uterine cavity. How- 
ever, on section through the large tumor 
growth a portion of normal appearing uterine 
wall intervenes between it and the endometrial 
tumor in the uterine cavity. The tissue 
removed for frozen section is a soft, dark brown 
mass of what appears to be degenerated blood 
clot about the size of a small lemon. On one 
side of this mass is an excavation which is 
lined by a rough gray friable material. The 
left ovary is small, nodular and quite firm; the 
right ovary is small, firm and nodular and has 
on one surface a thick-walled cyst which on 
section exudes some dark brown jelly-like 
substance. 

Microscopic: Section from the tumor in the 
interior of the uterus shows that it is composed 
of a mass of atypical tumor cells. For the most 
part these are somewhat fusiform in shape, 
but they vary enormously in size, shape and 
staining quality. Many of the cells have 
extremely large and irregular nuclei. A few 
multinucleated giant cells are seen. The tumor 
cells are growing in an irregular fashion, lack- 
ing any definite stroma. On one side of the 
section there is considerable necrosis and 
degenerated blood clot. Sections from the 
tumor on the posterior wall of the uterus show 
that it is composed of atypical tumor cells of a 
character similar to that found in the endo- 
métrial tumor. In some areas the cells are 
smaller, more fusiform in shape and have a 
more regular arrangement resembling the 
strands in a fibromyoma. In other areas the 
tumor cells are growing at random with large 
irregular nuclei and numerous mitotic figures. 
Mitotic figures average about 1 to 2 per high 
power field, There are numerous patchy areas 
of necrosis in this part of the tumor. Sections 
through the uterine wall at the junction of the 
tumor on posterior wall and tumor in endo- 
metrium show that the tumor cells from both 
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regions are penetrating the uterine wall along 
the fascial spaces between the muscle bundles. 
The sections at the junction of muscle wall and 
the tumor in the fibroid show some dilated 
capillaries partially filled with tumor cells. 
The large irregular tumor cells are not found 
toward the center of the uterine wall, but 
there are a few collections of pale blue staining 
fusiform cells scattered in irregular groups 
between the muscle bundles. 

Diagnosis: Sarcoma of uterus. 

Course. Uneventful 


nine months, hemoptysis. Roentgenogram 
shows metastases in the lung. Mass in pelvis 
appeared; increased in size. Patient died 
fourteen months following operation, with 
generalized metastases. 


Comment. It is believed that this 
patient had sarcoma of the uterus in the 
first instance. Symptoms of pain and 
fever which continued after roentgen-ray 
and radium therapy were similar to those 


After existing before any treatment was given. 


convalescence. 
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TREATMENT OF CARCINOMA OF THE RECTUM* 


BY T. E. JONES, M.D. 


Cleveland Clinic 


CLEVELAND, OHIO 


HE end-results in a series of 65 cases of 
cancer of the rectum in which the treat- 
ment was by radium and roentgen rays 
are here presented. On account of the 
technical difficulties involved in the treat- 
ment of this condition and the apparent 
hopelessness of the outlook, this field has 
not been given as much attention as the 
more accessible regions, the skin, the oral 
cavity and the cervix. A discussion of this 
subject may therefore be of some interest. 
The group included in this report con- 
sists of a series of 53 inoperable cases and 
12 operable cases of cancer of the rectum 
in which the patients refused the radical 
operation. In every case treatment was 
given more than two years ago; more 
recent cases have not been included in this 
series. Time will not be taken here to 
discuss what constitutes operability; suffice 
it to say that the only cases referred for 
radiation treatment generally fall in one 
of the above-mentioned groups. 

The technical difficulties which have 
been alluded to are frequently due to the 
inaccessibility of the growth or our inabil- 
ity to place the radium accurately and to 
hold it in place with complete protection 
of the uninvolved rectal mucosa. We are 
further handicapped by the fact that we 
are treating an organ whose physiological 
function is necessary while the reaction is 
going on. To ameliorate these symptoms, 
chiefly pain and tenesmus, colostomy has 
been advised, but the patient often objects 
to this procedure just as he objects to the 
radical operation. However, he can gen- 
erally be persuaded to have the colostomy 
performed on the ground that it can be 
closed, should he be cured. 

An analysis of the cases in this series 
shows that the youngest patient was 
twenty-three, and the oldest eighty years 
of age. There were 12 patients between the 
ages of forty and fifty, 25 between fifty 
and sixty, and 15 between sixty and 
seventy, the average age being fifty-four 


years. Fifty-six of the patients were mar- 
ried and g were single. There were 42 men 
and 23 women. 

The average duration of the symptoms 
was 11.4 months. This, of course, is most 
regrettable and in most cases the delay 
in treatment was due to the fact that a 
digital examination of the rectum was not 
made by the examining physician. Many 
of these patients had sought medical 
advice because of bleeding and had been 
inadequately examined. 

As stated above 12 of these cases were 
operable but the patients refused opera- 
tion. Of these, 5 are living from three to 
seven years after treatment and 7 are 
dead. The average duration of life among 
those who died was twenty months, which 
is considerably longer than the average 
duration in untreated cases. 

Fifty-three cases were inoperable; 5 of 
the patients are living and 48 are dead. 
The average duration of life in these 48 
patients was fourteen months. 

Colostomy was done in 57 cases. It 
should be advocated in all cases because it 
makes the patient so much more comfort- 
able. Some of the patients who at first 
refused a colostomy submitted to it later 
when pain and tenesmus followed the 
treatment. The advantages of colostomy 
are that straining at stool is eliminated 
and the distal segment can be kept clean 
by through-and-through irrigation and all 
irritation avoided. In cases in which the 
growth is near the sphincter I have been 
able to give considerable relief from pain 
and spasm by performing a simple myot- 
omy on the external sphincter, in much 
the same way as one would perform a 
subcutaneous tenotomy. A small incision 
is made about an inch from the anus and 
the scissors inserted down to the sphincter, 
which is divided. This procedure has the 
advantage of not leaving a raw surface at 
the mucocutaneous border. 

In 2 out of the 10 cases in which a cure 
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has been effected I have been able to close 
the colostomy. One of these patients has 
been well for six years and the other for 
five years. In the other cases, the colostomy 
cannot be closed because the rectum has 
become greatly narrowed following treat- 
ment and | have not advised an attempt 
at dilatation because the strictures are 
very dense. 

Treatment by radium has been carried 
out by three methods—tubes, needles, and 
seed implantation, and in some cases by a 
combination of all these methods. Time 
will not permit a detailed description 
of the method of application, because it 
must vary with the nature and location of 
the growth in each individual case. 

As for the general treatment, the 
patient is hospitalized, and if there is no 
obstruction the bowels are cleaned out 
with frequent small doses of a saline laxa- 
tive. If there is no gross metastasis in the 
liver or glands, a colostomy is performed, 
the sigmoid flexure being brought out 
through a muscle-splitting incision on the 
left side. This is opened two days later 
and immediately the distal loop is irri- 
gated with large amounts of clear warm 
water twice a day. In about a week the 
radium treatment is given. If tubes or 
needles are used, I would call attention to 
two very important points: The treatment 
should be given under sacral anesthesia in 
order to get proper placement of the 
radium, and it should be done with the 
yatient in bed so that he does not have to 
be moved after the radium has been prop- 
erly placed. In this particular group of 
cases the larger the amount of radium 
applied, the easier it is for the patient. I 
think that the introduction of gold seeds 
will supplant the use of tubes and needles 
in the treatment of this condition on 
account of the more homogeneous radiation 
obtained and the ease of application. 

The dosage varied in our cases from 1000 
to 5000 mg-hr., the average being 2500 
mg-hr. The number of treatments varied 
from one to five. In most of the cases the 
total dosage was given in two treatments. 
Screening was generally 1.5 mm. of brass 
in the tubes and 0.5 mm. of steel in the 
needles. The tubes and needles were 
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placed tandem or parallel, according to 
the nature of the lesion. 

Roentgen rays were used in addition to 
the radium in 45 of the 65 cases. Among the 
10 patients who have remained well, 8 
were treated by roentgen radiation and 2 
were not. High voltage roentgen treatment 
was given by Dr. Portmann, and from one 
to ten treatments were administered, the 
amount being governed by the general 
condition of the patient. 

Four of the deaths were due to inter- 
current disease, 2 to apoplexy after nine 
months, and three and one-half years 
respectively, one to pneumonia after five 
months, and one to coronary thrombosis 
after two months. The other patients died 
of cancer, either as the result of extension 
into the pelvis or bladder or of metastasis 
to the liver or lungs. The average duration 
of life following treatment in all the cases 
in which death occurred was fifteen 
months. 

In looking over these results it seems to 
me that much good has been accomplished 
and that the treatment is worth while. A 
follow-up study of these cases has shown 
that 7 of the men have recovered suffi- 
ciently to be able to resume work and have 
therefore been restored to economic inde- 
pendence, while the other one is comfort- 
able at an age in which he is naturally 
unproductive. The two women are able to 
attend to all their household duties. Such 
results indicate that it is worth while. In 
addition to these results one must also 
consider the great relief that has been 
afforded for many months or years by 
palliation of the symptoms in the cases 
in which the patients died of the disease. 
Moreover, if we persevere, I think that 
greater good can be accomplished as our 
technique improves. 


SUMMARY 

1. Sixty-five cases of carcinoma of the 
rectum are reported in which treatment 
was by radium and roentgen radiation. In 
10, or 15 per cent of the total number, the 
patients are well, having remained so for 
periods varying from three to seven years. 

2. Although the treatment of choice for 
an operable cancer of the rectum is 
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operation by the combined abdomino- 
erineal routes, if operation is refused or 
if the condition is inoperable, there is 
sufficient evidence that a cure can be 
obtained in certain cases and marked 
palliation in others by the use of radium 
and roentgen rays. 


CANCER OF THE RECTUM 


No. of Av. Symp- Op. Inop. 
Cases Age M F M S toms 
65 54 42 23 569 II mo. 12 53 
Colos- Liv- Average Dura- 
tomy Radium X-ray ing Dead _ tion of Life 
57 65 45 10 55 15 mo. 
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CANCER OF THE RECTUM 


Radiation 
Liv- Average Dura- 
ing Dead _ tion of Life 
Operable cases. 12 20 mo. 
Inoperable cases... .. . $3. 48 14 mo. 


Age Incidence 

2d 3d 4th 5th 6th 7th 8th 
Duration 

I 7 yr. 

3 6 yr. 
3 5 yr. 
2 
I 


Patients Living 


4 yr. 
3 yr. 


Average yr. 


Total 10 


MEASUREMENT OF RADIATION DOSAGE* 


BY U. V. 


PORTMANN, M.D. 


Cleveland Clinic 


CLEVELAND, OHIO 


Al the recent International Congress of 
Radiology held in Stockholm, a unit 
of roentgen-ray dosage, the ‘“‘r-unit,”’ 
was defined and adopted. It now becomes 
necessary for every therapist to employ 
some method for the measurement of 
dosage in the terms of this new interna- 
tional r-unit. This is not only essential as a 
scientific procedure but is also advisable 
from the medicolegal point of view. 
Dosimeters or other means for the 
estimation of dosage are not so generally 
employed in this country as they are in 
most European countries, where in almost 
every laboratory some kind of dosimeter is 
used either for constant measurement or for 
frequent periodic checks of the output of 
the roentgen apparatus. 

Experience and experiments have taught 
us that dosage cannot be accurately 
expressed by means of the factors of 
voltage, amperage, filter and time alone, 
as they were formerly employed. There is 
a wide variation as to both quantity and 
quality in the output of different roentgen 
installations even when the same mechan- 
ical factors are used, and there may be 
also an occasional variation in the output 
of any given apparatus. The dosage of 


radiation therefore can no longer be 
expressed in the terms which have pre- 
viously been employed, but to be accurate 
and to make satisfactory comparisons, 
the dosage must be stated in r-units, and 
the quality of the radiation must also be 
indicated. It would seem to be appropriate 
at this time for the American Roentgen 
Ray Society to insist on the use of this 
new method of expressing dosage in all 
the papers which are to be presented 
before the society though for a ix time 
to permit the old factors to be included in 
oa to prevent confusion. 

The measurement of roentgen-ray dosage 
is no longer either a difficult or a compli- 
cated procedure. Periodically each roent- 
gen therapy installation should be cali- 
brated and standardized; the intensity 
output should be determined in r-units, 
ak tie quality should be defined for the 
various treatment techniques which are 
usually employed in that particular labora- 
tory. Whenever any mechanical change 
in the installation is made, recalibration is 
necessary. If soft or intermediate qualities 
of radiation are used, this procedure is 
especially necessary when tubes are 
changed since there is great variation in 


.* Read at the Twenty-ninth Annual Meeting, AMERicAN RoENTGEN Ray Society, Kansas City, Mo., Sept. 25-28, 1928. 
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the output of different tubes under these 
conditions. Calibration of installations 
does not give an absolute determination 
of the dosage in r-units which is adminis- 
tered to each patient, 
the variations in the output of any appara- 
tus but also because of the differences in 
those factors which influence backscatter- 
ing, such as the size and shape of the field, 
and the volume of tissue which is irra- 


diated. Periodic calibration, however, is 
much better than none at all and the 
approximate dosage may be estimated 


therefrom. 

Unquestionably, the most satisfactory 
method of determming dosage is by means 
of an instrument which may be applied 
directly to the skin of the patient within the 
field of radiation; thus the radiation from 
the tube, as well as the backscattering, 
may be measured independently of the 
voltage, distance, amperage, filter, the 
size and the shape of the field, and the 
volume of the irradiated tissue. Such an 
instrument must be equipped with a small 
ionization chamber, and if different quali- 
ties of radiation are used, the chamber 
should be made of a material which will 
measure intensity, independently of the 
wave length employed; therefore, the 
chamber must have the same absorption 
for roentgen rays as air itself. This last 
requirement is suggested by Fricke and 
Glasser, who developed a chamber of the 
air-wall type. If only one quality of radia- 
tion is used with a particular apparatus, 
it is possible to employ an_ ionization 
chamber constructed of a material which 
has a greater absorption than but 
such a chamber should, of course, be 
calibrated and standardized r-units 
for that quality of radiation employed and 
in terms of air absorption. 

In small chambers, on account of the 
very limited amount of current produced 
by ionization, it is necessary either to use 
a very sensitive measuring device, such as 
an electrometer (electroscope), or to 
amplify the current so that a less sensitive 
galvanometer may be employed. This 
amplification of the ionization current is a 
complicated procedure and requires elabo- 
rate apparatus. In our experience any one 
of the various types of the easily operated 
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string electrometers is efficient and rugged 
enough for practical clinical use. We 
believe that the roentgen dosimeter of 
choice is one which consists of a string 
electrometer with a static charging device 
and a properly insulated wire connecting 
the electroscope to an electrode which 
terminates within an ionization chamber 
of the air-wall (Fricke-Glasser) type. Such 
a dosimeter may be equipped with a 
chamber of such volume as will produce 
an ionization current so small that the total 
dose may be registered for a considerable 
period of time. 

There is another type of dosimeter 
which may be employed when hard radi- 
ation is invariably used with a particular 
therapy apparatus, or to check the con- 
stancy of output. This dosimeter consists 
of a large ionization chamber with multi- 
ple- plate electrodes, and since the ioniza- 
tion in such a chamber is proportionately 
large, a sensitive galvanometer may be 
used to measure the current produced. 
When this apparatus is calibrated and 
standardized in r-units, it will indicate 
the dosage which is being given during a 
specified time, but it cannot be used for 
soft radiation. Since it is placed within the 
tube container or usually directly under 
the filters, it registers only the focal radi- 
ation, and due allowance must therefore 
be made for backscattering, a factor which 
varies considerably under different con- 
ditions. Probably an ideal arrangement 
would be to use a large chamber with a 
galvanometer to control the constancy of 
current during treatment and a _ small- 
chamber apparatus for the measurement of 
the dose which is being administered to the 
patient. 

Every dosimeter must be standardized 
in terms of the international r-unit and 
periodic checks are required in order to 
be certain of the constancy of the instru- 
ment. This check can be satisfactorily 
made in the therapy laboratory by the 
use of a radioactive standard. The radio- 
active standard control may consist of 
any convenient radium preparation or of 
a special container of uranium oxide or 
other radioactive compound, but is 
essential to use the same standard for each 
calibration. The procedure of checking a 
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dosimeter by means of the radioactive 
standard is simple, since it is only neces- 
sary to place the control preparation at a 
special place which is usually provided for 
it on the electrometer or ionization cham- 
ber, and then to read from the scale the 
rate of discharge. This should be done at 
the time when the instrument is standard- 
ized. If there is a very small variation from 
that ionization which was noted at the 
original standardization of the instru- 
ment, then proportionate allowance must 
be made in calculating the dosage. Con- 
siderable variation in the rate of ionization 
indicates the presence of some defect in 
the instrument, which should be corrected. 

The original calibration and standardiza- 
tion of any dosimeter should be made by 
comparison with a standard large air-ioniza- 
tion chamber, or with another dosimeter 
which has been thus calibrated and is 
known to be constant and accurate. The 
large air-ionization chamber is purely a 
laboratory instrument, or a Po eM 
control, and it is complicated in its 
construction and operation. Since it is 
not a clinical apparatus, the therapist need 
not be familiar with the details of the 
method of its use. It is hoped that in the 
near future the Bureau of Standards at 
Washington and subsidiary stations 
throughout the country will be equipped 
with large standard air chambers and 
other apparatus such as is necessary for 
the and standardization of 
dosimeters. 

Although the international r-unit is at 
present only applicable to the dosage of 
roentgen rays, this unit may probably also 
be applied to the measurement of the 
radium dosages. Heretofore it has been 
practically impossible to compare the 
intensities of radium radiation with those 
of roentgen rays, because the instruments 
which are used to measure roentgen-ray 
intensities cannot be properly protected 
from the penetrating gamma rays. Thus 
electrometers are yeoman by radium 
even at a distance and when they are 
heavily protected. Nor do the large stand- 
ard air Beet wom give accurate comparisons 
with radium because of the impossibility of 
proper protection and the scattering effects 
produced within the air chamber itself. 
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In our research laboratory we have 
developed an instrument by which we 
believe it is possible to make a satisfactory 
comparison of the intensities of radium 
radiation and of roentgen rays and to 
standardize the dosage of each in terms 
of the same physical r-unit. This instru- 
ment, which we call the ‘‘condenser 
dosimeter” (Glasser, Portmann and Seitz), 
was first reported at the meeting of the 
American Roentgen Ray Society held in 
Montreal in 1927. The apparatus is 
divided into two sections, the first being a 
string electrometer with a static charger 
to which may be attached a removable 
second section consisting of a small con- 
denser in connection with a small ionization 
chamber of the air-wall type. In operating 
the instrument, the two sections together 
are charged by the static charger to a 
known potential, which is read on the 
scale of the electrometer; then the section 
made up of the charged condenser and 
the ionization chamber is removed and is 
taken to a place at any distance where the 
ionization chamber may be exposed to 
radium or to roentgen rays for a specific 
time. Thus the condenser becomes dis- 
charged by the ionizing effect of the 
radiation within the ionization chamber. 
This section is then reattached to the 
electrometer and the amount of discharge 
of the condenser is read upon the scale. 
The apparatus is calibrated in r-units and 
the intensity of the measured radiation is 
determined on the basis of the duration 
of the exposure. The dosimeter may be 
calibrated so that the r-units per second 
of exposure of the chamber may be read 
directly on the scale. Calibration of the 
instrument is made by comparison with 
the large standard air chamber. 

With this condenser dosimeter 
Glasser has found that the threshold 
erythema dose with radium, as determined 
by Failla and Quimby, is apparently about 
1600 r-units. This same erythema dose 
with roentgen rays, when backscattering is 
included, would seem to approximate goo 
r-units. This difference between the effect 
of roentgen rays and of radium on the skin 
is to be expected, because of the greater 
quantity of the shorter and more penetrat- 
ing wave lengths of radium. 
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Although we now have a physical unit 


which is applicable for the measurement of 


radiation intensities of both radium and 
roentgen rays and are able to determine 


the quality of radiation in the terms of 


wave lengths by means of the spectrograph 
or by the half-value layer in aluminum or 
copper, we still lack a biological standard, 
such as, for example, that used to stand- 
ardize antitoxins. The first consideration 
in the standardization of dosage has 
necessarily been the universal recognition 
of a physical unit which would make it 
possible to compare and to understand 
the biological reactions when accurately 
measured dosage is used. 

Up to this time it has been customary to 
employ the reaction of the human skin as a 
biological standard and to compare the 
reaction of other tissues to the skin ery- 
thema. We have therefore usually stated 
that a given number of erythema doses 
would be required to destroy certain 
neoplasms, although we did not know the 
actual quantity or quality of the radiation 
which was employed. It is apparent that 
the skin reacts differently to the same 
measured dosage with different qualities 
of radiation if considered over a wide range 
of wave lengths, since we have proved that 
with the grenz rays, 250 r-units will 
produce erythema, while with the gamma 
rays of radium, 1600 r-units are required. 
As far as the skin ts concerned, it Is certain 
that the short wave lengths influence the 
subcutaneous tissues to a greater degree 
than do the rays which are absorbed more 
superficially and that the reaction of the 
subcutaneous tissues must directly or 
indirectly influence the skin reaction to a 
certain degree. It isa question also as to 
whether or not neoplastic cells and other 
tissues will react differently under the 
influence of different qualities of radiation. 
This can be proved only by comparing 
the biological reactions to accurately meas- 
ured radiation intensities with various 
qualities of radiation in the terms of our 
international physical unit. 

In determining the dosage, we have in 
the past used this variable reaction on the 
surface of the skin as an indication of a 
maximum of 100 per cent dose and we have 


also compared the intensities of these 
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depth doses on the basis of this uncertain 
biological standard. have thus 
expressed depth doses in percentages of the 
erythema. In the light of our present 
knowledge, it would seem that the inten- 
sity of radiation which is administered to a 
deep-seated area should be expressed 
directly in r-units rather than in_ the 
percentage of the superficial dose, which, 
after all, gives no intimation of the actual 
dose which may or may not give a desired 
effect upon a deep-seated lesion. 

Any discussion as to the number of 
r-units which are required to produce an 
erythema is somewhat academic except 
from the standpoint of determining a 
maximum skin tolerance, since really the 
important matter is the measurement or 
calculation of the intensity which may 
affect an area that is under treatment. The 
therapist may therefore choose the skin 
dosage which he regards as safe. An exam- 
ple of this method of expressing the 
roentgen-ray dosage would be as follows: 
If one should choose 800 r-units as the 
safe maximum skin dose with a specified 
quality of radiation and if 50 per cent of 
this dose, or 400 r-units, reaches the area 
under treatment through three portals, 
then the actual dose would be 1200 r-units, 
with due consideration for the volume of 
tissue under treatment. 

What has been stated in regard to the 
dosage of roentgen rays may also be said 
of radium. We have heretofore expressed 
radium dosage, both as to surface and 
depth doses, in the terms of milligram- 
hours and of skin erythema instead of in 
the actual number of physical units which 
are administered. the designing 
of isodose curves for roentgen rays on the 
basis of r-units is not a diflicult matter, in 
the case of radium it is a complicated 
procedure, because of the peculiar varieties 
of filters and applicators. However, it 1S 
also possible to develop for radium stand- 
ard isodose curves which will permit the 
estimation of dosage in r-units. We are 
now working on this problem. 

The advantages of expressing both the 
depth dose and the surface dose of radium 
and roentgen rays in terms of r-units are 
obvious, not only from a physical point of 
view but also from the standpoint of 
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investigation of biological reaction. Various 
types of neoplastic tissues react differently 
according to the various quantities of 
radiation used, so that at present we may 
seldom make a prognosis on the basis of 
cell type alone. For the same reason we 
have been unable to predetermine the 
amount of radiation which should be 
administered to a particular lesion in 
order to obtain the desired effect. However, 
as a result of researches at the Crocker 
Institute, Dr. Francis Carter Wood has 
been able to state that each of their experi- 
mental tumors was completely destroyed 
by a certain measured dose of radiation, 
and that when less than this specific 
quantity of radiation was employed, there 
was proportionately less effect upon the 
cells. The investigators were able to make 
a curve for each tumor, which graphically 
illustrates this proportionate dosage and 
its effect. Some tumors required compara- 
tively small doses while others required 
doses of enormous intensity for their com- 
plete destruction, but in each instance 
there was a certain intensity which invari- 
ably completely destroyed the tumor 
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cells. Thus, in the case of these tumors 
the lethal dose could actually be predeter- 
mined in physical units. 

Since we now probably have a means of 
measuring the intensities of both radium 
and roentgen rays in the terms of one 
physical unit, we may expect that in the 
future we shall be able to express in 
uniform international standard terms the 
total dosage of the radiation either of 
roentgen rays or of radium, or of a com- 
bination of both. After longer experience 
gained by comparison of results and by 
researches based upon a better physical 
foundation, we shall also expect to find 
that in dealing with a particular type or 
grade of neoplastic cell, we should employ 
a certain predeterminable dosage to pro- 
duce a desired effect. With due consider- 
ation of the extent and type of the disease, 
the volume of the tissue, and the depth of 
the lesion, this measured dose may then 
be administered by a proper combination 
of our sources of radiation, and radiation 
therapy will then become much more 
efficient.* 


* For discussion of this paper see page 176 


THE RELATION OF FRACTIONAL TO DEPTH DOSE* 


BY H. J. 


ULLMANN, 


M.D. 


Director, Department of Radiology and Cancer Research, Santa Barbara Cottage Hospital 


SANTA BARBARA, CALIFORNIA 


JADIATION effect loss becomes of 
greater importance as evidence accu- 
mulates that results are improved when 
so-called tissue saturation is reached and 
maintained over a certain period of time. 
Such rate of loss, therefore, has become an 
additional factor in determining a roentgen 
dose and it was while calculating dosage 
with this additional factor that it was 
noted that the order in which the portals of 
entry were used had, under certain condi- 
tions, a marked effect on the relative depth 
dose. A number of tables were then made 
to determine if possible, theoretically, 
not only the optimum order of ports but 
also the optimum fraction of dose to be 
given to each port at each application. 


This paper presents the results of such 
calculations for a single group of conditions. 
Nothing is offered to show that the absolute 
value of any one of the factors used is 
correct but the principle involved will hold 
for any value. 

To determine the rate of effect 
comparative curves were plotted from the 
published graphs of Pfahler':? and Sten- 
strém.* It will be seen that there is a 
considerable difference, not only between 
the graphs of the two authors but between 
the graphs of the same author (Pfahler). 

(Fig. 1.) Pfahler’s graph was developed 
from clinical observation while Stenstrém’s 
was plotted mathematically from the 
results of experiments. As the loss used 


loss 
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by Pfahler in his work is close to 6 per cent 
per day for the first few days when the 
average of both his graphs are plotted 
and that of Stenstrém ts 8 per cent, a loss 
of 7 per cent per day was used in making 
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skin. Factors used in making the chart 
and other calculations necessary to this 
paper are assumed to have the following 
values: 

Loss of radiation effect for all tissues: 


| j 

| 
Be 


Breen Sink Sveface fose 


- Solid line} = Depth dose f 
| 
Fic. 2. 


these calculations. It is believed that, for 
the present, such a rate will be safer for 
practical application than 8 per cent, for 
we have no experimental evidence as yet 
for the rate of loss in any tissue except 


7 per cent per day. Measurements of body 
treated: anteroposterior 20 cm., lateral 
36 cm. Region to be irradiated at center 
of body. Depth dose: 42 per cent of surface 
dose at 10 cm., and 12 per cent at 18cm. No 
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allowance is made for the increase in 
surface dose due to irradiation through 
from opposite port. 

Figure 2 shows the relation between 
depth and surface dose under three condi- 
tions where the order in which the ports 
are given is the only variant. The dose on 
the last day is decreased to prevent 
overdosage to the skin. In each graph it can 
be seen that the lateral port becomes less 
useful as the depth dose increases. This is 
obvious for the daily absolute loss must 
increase with increase of total quantity as 
treatment progresses while the amount 
given at oh application remains constant. 
The last two lateral ports on the first chart 
are not only of no value but the depth dose 
actually falls as the skin dose increases. 
It is therefore better, on general principles, 
to use those ports first which give the 
smaller relative depth dose, and it is 
absolutely necessary to see that the 
fraction applied to any port is sufficient to 
give a depth dose greater than the loss 
at that depth since the last irradiation. 


SUMMARY 
The order in which portals of entry are 
used in crossfiring has marked effect on 
the total depth dose where there is con- 
siderable difference between the depth and 
surface dose and becomes of greater 
importance with increase of such difference. 
CONCLUSION 
The order in which the portals of entry 
are given should be specified when planning 


treatment of tissues at considerable depth. 
If this is not done the amount of radiation 


at the depth may be inadequate in spite of 


multiple ports and skin limit quantities. 
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DISCUSSION OF PAPERS OF DR. PORTMANN 
AND DR. ULLMANN 


Dr. A. U. Dessarpins, Rochester, Minn. 
I agree with Dr. Portmann that it is highly 
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desirable that we should use some physical 
basis of recording dosage, but the chief value of 
this will consist in our added ability to under- 
stand one another. 

In reading papers, for instance, it is very 
difficult to get more than a rough idea of what 
the other man is doing at the present time, 
whereas, with some such scheme as this, we 
may be able to come a little closer. However, 
that is only one phase of the problem, and 
there are several others. 

The next great argument which will be filling 
the discussions at our societies will be the 
number of r-units for this and that, and there 
will also be—and I think I can predict this 
with a certain amount of conftdence—a cer- 
tain number of r-units for this tumor and that 
tumor. 

I cannot have any great sympathy, or can- 
not fall in with this idea at all because not only 
can we talk of the type of cell but we must talk 
of the variations in the same kind of tumors, 
and the same kind of tumor varies a great deal. 
For instance, in carcinoma of the breast metas- 
tasizing in the spine in two patients approxi- 
mately alike, in one patient you can cure the 
condition, and in the other you cannot do it. 
Why? Because of individual variations in the 
tumor in that patient. You can give as many 
r-units or as few r-units as you like, but you 
will have the variations taking place just 
the same. 

So far as the present scheme of recording 
dosage is concerned, | admit the great desir- 
ability of using a physical basis, but when it 
comes to criticizing the actual method in many 
laboratories of using the electrical factors, | 
am not quite so sure that we can condemn that 
entirely. [| know we can duplicate those condi- 
tions with sufficient accuracy to duplicate our 
results from patient to patient, day in and 
day out. The variations in the patient are so 
much greater than the electrical conditions, if 
they are carefully checked, that I think the 
patient himself is a much greater factor than 
any variation in electrical conditions. 

Another point refers chiefly to Dr. Ullmann’s 
paper, or rather the thought comes from hear- 
ing his paper and some of the other discussion 
which has preceded it, on this saturation 
method. It is interesting to see how a method 
will be worked out by someone and then will 
be forgotten for five, ten or more years, and 
then someone else will take it and revivify 
it and immediately it will spring into more or 
less general acceptance. That is what is taking 
place with the saturation method. 

Kingery worked this out about 1920 working 
at Ann Arbor with Van Zwaluwenberg and, as 
a matter of fact, the idea originated with Van 
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Zwaluwenberg himself. 


Kingery deserved the 


credit for working it out, and it has been 
revivified by Dr. Pfahler. 


One more point which is not directly con- 
nected with the papers but has a bearing on 
them, and that is that we are finding more and 
more that a number of converging beams to a 


tumor is often very much better, even at mod- 


erate voltage, than one large single field at 
high voltage, or any other voltage. For in- 
stance, In many tumors where, for one reason 


or another, nothing else can be done, we are 
using this method of converging beams, some- 
times as many as four or six which can be 
worked out, depending on the part of the 
body, and we get results which cannot possibly 
be duplicated in any other way. 

Dr. B. P. Wipmann, Philadelphia. The 
enthusiasm in Dr. Pfahler’s clinic about the 
saturation technique is due not only to the 
belief that the idea of keeping up an effect ts 
good, but also because this method of treatment 
is applicable to all of our patients in a relative 
way. scheme of treating our 
patients so that every day we are carrying out 
practically the same idea of dosage, the same 
system of measurements, so that while we are 
not treating each case exactly alike, a week or a 
month or a year later we are duplicating the 
same form of treatment on different patients 
and various people in the same x-ray depart- 
ment understand this system of dosage. 

The reason for Dr. Ullmann’s variation ts 
very simple. Dr. Weatherwax has checked up 
our measurements and I| believe he agrees 
almost exactly with Dr. Ullmann as far as I 
can tell from his chart. Our saturation chart 
was really drawn in the beginning from clinical 
experience and Dr. Pfahler had in mind espe- 
cially the idea of keeping within safe limits. 
| believe 


It gives us some 


any of these physical measurements 
that can check up the depth doses and work 


them out on the basis of saturation Is a good 


idea. 

Dr. R. R. Newer, San Francisco, Calif. 
We arrived, from clinical observation, at 
approximately the same rate of falling off 


in dosage as these other ge ‘ntlemen, 
per cent a day. 

In regard to the order of ports in 
treatment is given to attain a 
amount in the middle of the body, Dr 
called my attention to this a long time ago. 
| believe I can state a fairly simple rule to 
attain a maximum accumulation in the middle 
of the body for a given accumulation on the 
skin in any number of ports, and that is that 
you will attain the maximum number in the 
middle of the body for a given amount on the 
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surface if you will treat a maximum number of 
ports every day. Treating all four ports every 
day I think, would be a close approximation to 
the optimum. 

Dr. Ullmann’s paper deals with compara- 
tively small percentages. It seems to me Impos- 
sible to demonstrate on the same patient the 
difference between two doses which differed 
by as little as 20 per cent. In other words, our 
clinical observation is not nearly so fine as 
the small quantities Dr. Ullmann is dealing 
with. We don’t want to run too far on the 
theory and outstrip the possibility of any 
clinical check up for it. 

Dr. PoRTMANN (closing). We admit of course, 
that we are physicians first and that we have to 
treat our patients, but at the same time we 
should treat them with some knowledge of 
what we are doing. For example, the physician 
would not think of giving a dose of digitalis 
without knowing its strength. I think that we 
as radiologists must take into consideration 
the physical unit for measurement. 

We talk about variations in the reactions of 
patients, but we can’t prove them. Perhaps 
the variations are purely physical and have 
nothing to do with the organism as a metabolic 
chamber, if we may cé all it that. Dr. Wood’s 
experimental work would indicate that there 
isn’t as much variation in the patients as 
we might think. He finds that every tumor 
that he has seen always reacts exactly in the 
same way to the same amount of radiation. 
This would indicate at least that these tumors 
react to a measured physical dose without 
consideration at all of the animal in which it 
happens to live. 

There is no reason for condemning the old 
methods of estimating dosage by means of 
the physical factors, except that they are not 
quite accurate. The best example I can think 
of would be the treatment of epithelioma of 
the lip in which the size of the lesion would 
have a great deal to do with the amount of 
radiation that the tumor might receive. We 
may say we give an epithelioma of the lip ten 
erythema doses, but this does not mean any- 
thing, as far as the intensity of the radiation is 
concerned, unless we know the size of the tumor. 
If we place lead back of the tumor, the dosage 
for that tumor would be much greater than if 
no lead were used at all. 

So I think we should base all of our work, 
to be absolutely correct, on some physical basis. 
Perhaps my paper is a prophecy that some day 
we shall all be expressing our dosage in one 
international unit and we shall all understand 
each other. 


Dr. ULLMANN When Dr. Des- 


(closing). 
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jardins said that he had noted that multiple 
ports with converging beams appeared to have 
a better clinical result than a single port we 
wondered if that wasn’t a bit of the saturation 
method because it is spreading the dose over a 
little more time. 

I was afraid that many would think that any 
factor I might use was a standard factor which | 
recommended. You will note that | specifically 
stated that all of these factors were assumed to 
illustrate a principle. I do not know that 7 
per cent is correct. It is the nearest average to 
what experimental and clinical evidence we 
have, and therefore was used to illustrate the 
principle. I am using it in my laboratory until 
we have something more definite. It is not a 
standard. I have never suggested it as such. 

Another thing: I do not repeat the dose 
indefinitely by any means. I do not want you 
to think that one can figure 7 per cent or 8 
per cent or 6 per cent per day loss and repeat 
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indefinitely. It is only a figure for calculation in 
order to deliver a certain definite dose and 
repeat, we will say, once or twice, depending on 
the experimental and clinical evidence which 
may accumulate. 

Dr. Desjardins emphasized the necessity for 
our being clinicians as well as physicists. | 
read a paper before this Society some years 
ago in which I stated that radiation dosage 
was a clinical and not a physical problem, and 
before that presented the same thought before 
the Radiological Society, so I do not wish to 
be accused of considering the physical factors 
of more importance than the clinical. 

Regarding Dr. Newell’s discussion on the 
number of ports, I did not recommend particu- 
larly any order of ports or their numbers. | 
simply said that the order of ports must be 
taken into consideration in calculating doses. 
It is a principle, not a rule. 
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TREATMENT OF AGRANULOCYTIC ANGINA BY 
IRRADIATION 


N the December, 1928, issue of the 
Journal Drs. Call, Gray and Hodges 
reported a case of agranulocytic angina 
with recovery after roentgen-ray treat- 
ment. They also called attention to four 
cases previously reported by Friedemann, 
all of whom recovered after roentgen 
irradiation. 
Since then there has come to our atten- 
tion another article on this subject by 
Friedemann! in which he reviews twenty- 
nine cases of agranulocytic angina which 
had come under his own observation and 
reports two additional cases which recov- 
ered after roentgen irradiation. Of the 
twenty-nine cases reported by Friedemann 
five were in men and _ twenty-four in 
women which is in accordance with the 
general observation that the disease pre- 
ponderantly involves women. It was not 
observed in childhood and in only one case 
under twenty years of age, otherwise it 
occurred quite uniformly at all ages. A 
connection with other preceding diseases 
could not be established from the histories. 
The disease in most cases comes on 
acutely, the first symptoms being due to 
the angina. The duration varies somewhat 
but in about half of Friedemann’s cases it 
terminated fatally in the course of eight 
days while it was protracted in others 
from twenty-four up to sixty days. 

The disease of the tonsils is usually a 
necrotic ulceration but in some cases only 
a follicular angina was observed and in 
others only a greasy white coating. In 
the beginning of the disease the appearance 
simulates diphtheria. The early dysphagia 
is always striking. Besides the angina other 
necroses were frequently observed: in two 
cases there was extensive destruction of the 
mucous membrane of the larynx, in two 
cases necrosis of the mucosa of the vagina 
and vulva, in three cases ulcers in the 
pharynx and anus, in two cases severe 
ulcerous stomatitis and in one case necrosis 
of the superior maxilla. Two cases in which 

1 Zischr. f. klin. Med., 1928, cviii, 54-56. 


the tonsils remained free from disease and 
the mucous membranes of the cheek, 
tongue, rectum and bladder were involved 
were especially interesting because they 
may be regarded as proof that the tonsils 
are not the primary seat of the disease. 

The lesions of the tonsils and of the 
mucous membrane elsewhere are not 
characteristic and it is only the blood pic- 
ture which is diagnostic. There is a pro- 
nounced leucopenia and the granulocytes 
are either absent or reduced to exceedingly 
low percentages. The absolute number of 
lymphocytes is usually decreased but it 
may be normal. The degree of anemia ts not 
so severe as that seen in the aleucemic 
forms of the myeloses and lymphadenoses 
but the erythrocytes are usually reduced, 
the count being commonly from 2,500,000 
to 3,500,000. The blood platelets retain a 
normal count. 

The autopsy findings throw little light 
on the cause of the disease. The spleen, 
lymphatic glands and liver showed no 
macroscopic or microscopic changes from 
normal. 

In only six cases were bacteria demon- 
strated in the blood. The result of Friede- 
mann’s bacteriological examinations con- 
tradicts the idea that the agranulocytosis 
is only a special reaction type of severe 
septic disease. He believes the sepsis to be 
a secondary manifestation. 

The prognosis in this disease has always 
been bad. Friedemann reports two cases of 
recovery out of twenty-four observed by 
him, eliminating the five who recovered 
after roentgen therapy. He states that 
about the same mortality is observed 
in cases reported by others (43 deaths in 
47 cases). The mortality rate is therefore 
about 91.6 per cent. 

On the strength of his own observations 
Friedemann draws the following conclu- 
sions as to the nature of the disease: (1) 
The transformation of the blood picture 
must be considered an essential sign for the 
diagnosis of agranulocytosis. It consists in 
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a marked decrease of the granular leuco- 
cytes, a complete disappearance need not 
always occur but the relative number of 
granulocytes must be reduced to a low 
percentage. The absolute number of lymph- 
ocytes is also markedly decreased. Ananemia 
of a moderate degree Is usually present. 
Necroses of the mucous membranes 
are always present if the disease has been 
present for some time. In the majority of 
cases they are localized in the tonsils, but 


necroses may occur in the cheek, gums, 
tongue, nose, vulva, vagina, intestines and 
bladder. In one case necroses of the skin 


were observed. (3) Icterus is a symptom 
which sometimes occurs but it is. of 
secondary importance. (4) The disease 
a preponderantly the female sex. 
The prognosis ts unfavorable. (6) The 
ered ian is not understood but the author 
does not believe it to be due primarily to 
infection. The angina, he thinks, is a 
secondary manifestation of a 
the hem: atopoletic organs. 
Friedemann refers to four cases of this 


disease of 
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disease which he had previously reported 
and which were cured by irradiation, and 
in the paper here under review he reports 
two additional cases cured by the same 
treatment. These, with the case reported 
by Call, Gray and Hodges in the December 
issue of this Journal bring the total so 
treate od up to seven. The prompt improve- 
ment in the blood picture and throat 
manifestations and the final return to 
normal in all of the seven cases treated by 
irradiation indicates very strongly that the 
treatment was responsible for the results. 
Renewed attention is called to this 
method of treatment so that care may be 
taken to examine the blood in all cases of 
angina and that roentgen treatment over 
the long bones may be tried in a sufficient 
number of cases to demonstrate whether or 
not the results so far obtained are constant. 
It should be kept in mind that the effect 
is presumably upon the hematopotetic 
organs and that little good can be expected 
if a secondary general sepsis has occurred. 


FRANK BUTLER GRANGER, M.D. 


Dr. Frank Butler Granger, died 
home in Boston, October 23, 
metastatic carcinoma of the liver. 

Dr. Granger was one of the first physi- 
cians of the regular school in New England 
to practice the treatment of disease by 
electrical methods. He long stood alone 
convinced of the truth that lay in physical 
therapy, weathered the sorties of the 
charlatans into his chosen field and lived 
to see it recognized as an important 
specialty in medicine. 

His last message to the profession was 
given to the American Academy of Physical 
Therapy in session in New York City a few 
days before his death, and closed with the 
words, ‘Adopt no holier than thou 
attitude.” 

It epitomizes his kindliness of thought, 
which was a characteristic of his every act. 
Only those who were close to him tn his 


at his 
1928, of 


latter days will grasp the full strength of 


his character. With the knowledge that he 
was doomed, frightfully distressed, he 
could smile and listen with patience to 
those with ailments trifling compared with 


his own and certainly less cheerfully borne. 


He was a graduate of Harvard University 
Medical School, Boston, 1902; member of 
the Council on Physical Therapy, Ameri- 

can Medical Association; lecturer on physi- 
cal therapeutics, 1906-1910, and assistant 
professor of physical therapy, 1927-1928, 
Tufts College Medical School; instructor, 
Harvard Medical Sc hool, courses for grad- 
uates, 1911-1925. He entered the medical 
corps of the U. S. Army during the World 
War as a captain and was discharged in 
1919 as a lieutenant colonel. He was 
organizer and director of the department 
of physical therapy, division of physical 
reconstruction, Surgeon General’s office, 
Washington; at one time counselor of the 
medical council of the U. S. Veterans’ Bu- 
reau; past president of the American Acad- 
emy of Physiotherapy and the American 
Electro-Therapeutic Association; member 
of the American Roentgen Ray Society. 

He was appointed electro-therapeutist 
to the Boston City Hospital, April 22, 1908, 
and organized the department of phy sical 
therapeutics which he developed to a plane 
second to none in this country. 


FREDERICK W. O’BrIEN. 
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SOCIETY PROCEEDINGS, CORRESPONDENCE 
AND NEWS ITEMS 


Items for this column solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


Unitep States OF AMERICA 


AMERICAN ROENTGEN RAY SOCIETY 
Secretary, Dr. John T. Murphy, 421 Michigan Ave., 
Toledo, Ohio. 
Thirtieth annual meeting, 1929: To be announced. 


AMERICAN COLLEGE OF RADIOLOGY 
Secretary, Dr. Albert Soiland, 1407 S. Hope St., 
Los Angeles, Calif. 
Annual meeting, Portland, Oregon, 1929. 


SECTION ON RADIOLOGY, AMERICAN MED- 
ICAL ASSOCIATION 
Secretary, Dr. Fred M. Hodges, 801 West Grace St., 
Richmond, Va. 
Annual meeting, Portland, Oregon, July 8-12, 19209. 
RADIOLOGICAL SOCIETY OF NORTH AMERICA 
Secretary, Dr. Walter T. Bronson, Northwestern 
Univ. Med. School, Chicago, III. 


Fifteenth annual session, 1929: To be announced. 


RADIOLOGICAL SECTION, LOS ANGELES 
COUNTY MEDICAL SOCIETY 
Secretary, Dr. Lowell S. Goin, Wilshire Medical 
Building, Los Angeles. 
Meets on the third Wednesday of each month at the 
California Hospital. 


RADIOLOGICAL SECTION, SOUTHERN MEDI- 
CAL ASSOCIATION 
Secretary, Dr. W. S. Lawrence, Medical Arts Bldg., 

Memphis, Tenn. 

BUFFALO RADIOLOGICAL SOCIETY 

Secretary-Treasurer, Dr. Joseph S. Gian-Franceschi, 
610 Niagara St. 

Meets second Monday of each month except during 
the summer months, the place of meeting to be 
selected by the host. 

CHICAGO ROENTGEN SOCIETY 

Secretary, Dr. W. T. Bronson, Englewood Hospital. 

Meets monthly on second Thursday from October to 
May (except during month of December) at Virginia 
Hotel. Dinner at 6 p.M., scientific session at 8 P.M. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Harry L. Farmer, 2930 Prospect Ave. 

Meetings are held at 6 o’clock at the University Club, 
on the fourth Monday evening of each month from 
September to April, inclusive. 

DETROIT ROENTGEN RAY AND RADIUM 

SOCIETY 
Secretary, Dr. E. R. Witwer, Harper Hospital. 

Meets monthly on second Friday from October to 
May, at Wayne County Medical Society Building. 

CENTRAL ILLINOIS RADIOLOGICAL SOCIETY 
Secretary, Dr. H. C. Kariher, Decatur, Illinois. 

Regular meetings held quarterly. 

INDIANA ROENTGEN SOCIETY 
Secretary, Dr. Carl S. Oakman, Muncie, Indiana. 

Annual meeting each February 22 in Indianapolis. 
Next meeting in Indianapolis, February, 1929. 


MILWAUKEE ROENTGEN RAY SOCIETY 
Secretary, Dr. J. E. Habbe, 221 Ave., 
Milwaukee. 
Meets first Friday in October, December, February and 
April. 
Place of meeting designated by the president. 
NEW ENGLAND ROENTGEN RAY SOCIETY 
Secretary, Dr. M. C. Sosman, Peter Bent Brigham 
Hospital, Boston, Mass. 
Meets monthly on third Friday, Boston Medical Library. 
NEW YORK ROENTGEN SOCIETY 
Secretary, Dr. E. Everett Rowell, 200 West soth St. 
Meets monthly on third Monday, New York Academy 
of Medicine. 


Wisconsin 


CENTRAL NEW 


YORK ROENTGEN- RAY 

SOCIETY 
Secretary, Dr. D. S. Childs, 316 Gurney Bldg., 
Syracuse, N. Y. Three meetings a year—April, 


August and November. 


PACIFIC COAST ROENTGEN RAY SOCIETY 
Secretary, Dr. Harold B. Thompson, Seattle, Wash. 
Two meetings a year. 
ROENTGEN RAY 
PENNSYLVANIA 
Secretary, Dr. W. E. Reiley, Clearfield, Penna. 
Two meetings a year, April and October. 
PHILADELPHIA ROENTGEN RAY SOCIETY 
Secretary Dr. John T. Farrell, Jr., 235 S. 15th St., 
Philadelphia. 
Meets monthly on first Thursday evening, Pennsyl- 
vania Hospital. 
ROCHESTER ROENTGEN 
ROCHESTER, N. Y. 
Secretary, Dr. James M. Flynn, 282 Alexander St. 
Meets monthly on the first Friday evening at 7.45 at 
the Rochester Medical Association Building. 
ST. LOUIS ROENTGEN CLUB 
Secretary-Treasurer, Dr. L. R. Sante, Metropolitan 
Building. 
Meets first week of each month. Time and place of 
meetings designated by president. 
TEXAS RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. C. P. 
Texas. 
Meets annually one day preceding the meeting of the 
Texas State Medical Association. 
VIRGINIA ROENTGEN RAY CLUB 
Secretary, Dr. Wright Clarkson, 205 S. Sycamore St., 
Petersburg, Va. 
Annual meeting, Charlottesville, Va., Oct. 18, 1929. 


SOCIETY OF CENTRAI 


RAY SOCIETY, 


| larris, louston, 


BritisH Empire 


BRITISH INSTITUTE OF RADIOLOGY INCOR- 
PORATED WITH THE RONTGEN SOCIETY 
Director, Dr. John Muir, 32 Welbeck St., London, 

W. 1. 


* Secretaries of societies not here listed are requested to send the necessary information to the editor. 
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Meets on the third Thursday of each month, from 
November to June inclusive, at 8.15 P.M., at 32 
Welbeck St., London, W. 1., or as advertised. 


ELECTRO-THERAPEUTIC SECTION OF THE 
ROYAL SOCIETY OF MEDICINE (CONFINED 
TO MEDICAL MEMBERS) 

Meets on the third Friday of each month during the 
winter at 8. 30 P.M. at the — —— of Medi- 
cine, 1 Wimpole St., London, W. 


RADIOLOGICAL SECTION, 
MEDICAL CONGRESS 

Secretary, Dr. C. A. Anderson, 
Dunedin. 

RADIOLOGICAL SECTION OF THE VICTORIAN 
BRANCH OF THE BRITISH MEDICAL ASSO- 
CIATION 
Secretary, Dr. Colin Macdonald, Lister House, 61 

Collins St., Melbourne, Australia. 

Meets monthly at Melbourne during the winter. 

SECTION ON RADIOLOGY, CANADIAN MED- 
ICAL ASSOCIATION 
Secretary, Dr. A. H. 

Toronto, Ont. 

RADIOLOGICAL SECTION, NEW ZEALAND 
BRITISH MEDICAL ASSOCIATION 
Secretary, Dr. P. C. Fenwick, The Hospital, Christ- 

church. 

Meets annually. 


The Hospital, 


Rolph, 160 St. George St., 


CONTINENTAL EUROPE 


BELGIAN SOCIETY OF ROENTGENOLOGY 

Secretary, Dr. J. Boine, Avenue des Alliés, 134, 
Louvain (Belgium). 

Meets monthly on second Sunday at d’Egmonds Palace, 
Brussels, except in the summertime. 

SOCIETE DE RADIOLOGIE MEDICALE DE 
FRANCE 

Meets monthly on second Tuesday, except during 
months of August and September, 12 Rue de Seine, 
Paris. 

SOCIETE FRANCAISE D’ELECTROTHERAPIE 
ET DE RADIOLOGIE MEDICALE 

Meets monthly on fourth Tuesday, except during 
months of August and September, 12 Rue de Seine, 


Paris. 


ASSOCIATION OF GERMAN ROENTGENOLO- 
GISTS AND RADIOLOGISTS IN CZECHO- 
SLOVAKIA 
Secretary, Dr. Walter Altschul, German University, 

Prague, 11/52. 

DEUTSCHE RONTGEN-GESELISCHAFT (GE- 
SELLSCHAFT FUR RONTGENKUNDE UND 
STRAHLENFORSCHUNG) 

Meets annually in April, alternating one year in Berlin, 
one year in some other German city. Meets in addi- 
tion every two years with the Gesellschaft deutscher 
Naturforscher und Aerzte. 

Permanent secretary, Professor Dr. Haenisch, Klop- 
stockstrasse 10, Hamburg, Germany. 


SUD- UND WESTDEUTSCHE RONTGENGE- 
SELLSCHAFT 

Meets annually in different cities. 

NORD- UND OSTDEUTSCHE RONTGENGE- 


SELLSCHAFT 

Meets annually in different cities. 

DUTCH SOCIETY OF ELECTROLOGY AND 
ROENTGENOLOGY 


Holds two meetings a year in Amsterdam, one in the 
Spring, and one in the Fall. 
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SOCIETA ITALIANA RADIOLOGIA MEDICA 


Secretary, Professor M. Ponzio, University of Turin, 
Turin. 


ALL-RUSSIAN ROENTGEN RAY ASSOCIATION, 
LENINGRAD, USSR in the State Institute of 
Roentgenology and Radiology, 6 Roentgen St. 
Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 

Meets annually. 

Sixth Annual Meeting, 1929, to be announced. 


LENINGRAD ROENTGEN RAY SOCIETY 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly on the first Monday at 8 o’clock in the 


State Institute of Roentgenology and Radiology, 
Leningrad. 


MOSCOW ROENTGEN RAY SOCIETY 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and 
S. T. Konobejevsky. 
Meets monthly on the first Monday at 8 o’clock, the 
place of meeting being selected by the Society. 


POLISH SOCIETY OF RADIOLOGY 


Secretary, Dr. A. Elektorowicz, 19 Hoza St., Warsaw. 
Meets annually. 


WARSAW SECTION, POLISH SOCIETY OF 
RADIOLOGY 
Secretary, Dr. B. Krynski, 1 Zielna St. 

Meets once a month except in the summertime. 


SCANDINAVIAN ROENTGEN SOCIETIES 

The Scandinavian roentgen societies have formed a 
joint association called the Northern Association tor 
Medical Radiology, meeting every second year in the 
different countries belonging to the Association. 
Each of the following societies, with the exception of 
the Denmark Society, meets every second month 
except in the summertime: 


SOCIETY OF MEDICAL RADIOLOGY OF SWEDEN 
Meets in Stockholm. 


SOCIETY OF MEDICAL RADIOLOGY IN NORWAY 
Meets in Oslo. 


SOCIETY OF MEDICAL RADIOLOGY IN DENMARK 
Secretary, Dr. H. Scheuermann, Copenhagen 

Meets on the second Wednesday of each month from 
October to July in Copenhagen, at 8 o’clock in the 
State Institute of Roentgenology. 


SOCIETY OF MEDICAL RADIOLOGY IN FINLAND 
Meets in Helsingfors. 


VIENNA SOCIETY OF ROENTGENOLOGY 
Secretary, Professor Holzknecht, Vienna, 1x, Gen- 
eral Hospital. 


Meets on the first Tuesday of each month from October 
to July. 


VIENNA LETTER 
(From our Special Correspondent) 


THE ESTABLISHMENT OF A 
MISSION AS A PART OF 
OF NATIONS 


CANCER COM- 
THE LEAGUE 


The League of Nations has selected 
Munich, Germany, as a meeting place 
for the Radiological Committee which will 
deal especially with radiation treatment of 
carcinoma. Munich was selected as a 
meeting place for the committee because 
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it possesses one of the oldest gynecological 
clinics and has the most comprehensive 
statistics relating to the radiation treat- 
ment of carcinoma. The committee con- 
sists of the following members: Dr. 
Comyns-Berkely, director of the Middle- 
sex Hospital, London; Dr. Lane-Claypon, 
referee in the British Ministry of Sanita- 
tion; Professor Regaud, director of the 
Radium Institute in Paris; Dr. Lacassagne 
of the same Institute; Professor Déderlein, 
director of the Gy necological Clinic in 
Munich; Professor Boltz, radiologist to the 
same Institute; Professor Lahm, director 
of the radiological laboratory of the 
Gynecological Clinic in Rome, italy; ; Pro- 
fessor Forssell, director of the Radium 
Institute in Stockholm, Sweden; Professor 
Heyman of the same Institute; Professor 
Roy, director of the Gynecological Clinic 
of Amsterdam, Holland. 

The first meeting of the committee was 
held on December 11, 1928. At this meeting 
Professor Déderlein in his inaugural address 
stated that he is opposed to the operative 
treatment of carcinoma of the female pelvic 
organs. His experiences gained from a study 
of the vast material of the Munich Gyneco- 
logical Clinic has led him to the conclusion 
that radiation treatment of carcinoma of 
the female pelvic organs is far more 
efficacious than other methods. The reports 
of the results of radiation treatment in 
Paris and Stockholm differ somewhat. 
This Professor Déderlein attributes to the 
fact that in Paris the gynecological and 
radiological departments are separate, 
while in Stockholm the two departments 
are more closely associated, which permits 
of a more careful study of the individual 
patient. 

Dr. Tomanek, the secretary of the 
Cancer Commission, member of the Health 
Section of the League of Nations, outlined 
the scope and purposes of the commission 
as follows: First, the commission desires to 
make a comparative study of the methods 
and the results obtained in the treatment of 
uterine carcinoma. This particular disease 
has been selected because this type of 
carcinoma, in contradistinction to other 
forms, has been for a long time the subject 
of a very wide and intensive research. 
Secondly, the commission proposes to make 
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a very comprehensive study of the propaga- 
tion and the etiology of so-called occupa- 
tional cancers. It is the purpose of the 
commission to pay particular attention to 
carcinomas of the lung occurring in workers 
in the cobalt mines in Schneeberg. In 
Czechoslovakia a special commission has 
been appointed for this type of investiga- 
tion and also in the Joachimsthal radium 
mines where the working conditions are 
about the same as those obtaining at the 
other places. Thirdly, the commission 
proposes to send questionnaires to all 
cancer research workers throughout the 
world. These questionnaires will detail 
the different carcinoma problems under 
consideration which may be studied with 
the help of the League of Nations and 
which give promise of early and successful 
solution. Dr. Tomanek took occasion to 
remark that the League of Nations lays 
particular stress not theoretical 
investigations but upon the more practical 
handling of the fight against cancer. The 
commission further proposes to give e lec- 
tures, exhibition of instructive cases and 
to acquaint the members of the commission 
with the organization and statistics of 
cancer treatment in all the prominent 
clinics throughout the world. 


THE DISCOVERY OF 
CAUSATIVE 


At a recent meeting of 
Roentgen Society, Dr. Franz Freund read 
a very interesting paper on a case of 
leucemia of the skin in which he studied 
the changes in the skin after treatment 
with roentgen rays. In microscopic prepa- 
rations he found peculiar cells which he 
calls protozoa, an observation which has 
been corroborated by other observers. 
He was somewhat hesitant in stating 
dogmatically that these protozoic cells 
were definitely the cause of leucemic 
affections. However, the infectious theory 
of leucemia is not a new one. More than 


THE 
AGENT OF 


PROBABLI 
LEUCEMIA 


the Vienna 


twenty years ago Professor Léwit of 
Innsbruck stated that leucemia is of 


infectious origin. His view did not find 
general acceptance, however, particularly 
so in view of the fact that Professor 
Tiirk of Vienna demonstrated that the 
forms in the microscopic preparations 


— 
= 
| | 


Vot XXI, No. 2 


of Professor Léwit were not protozoa. 
On the other hand, Professor Pappenheim 
of Germany stated it to be his opinion 
that leucemia is an infectious disease, 
the carriers of which may be revealed 
in some cells of the blood. This view has 
not received general acceptance. It is 
gratifying that the recent findings of Dr. 
Freund were observed during roentgen-ray 
treatment which may ultimately lead to 
the final solution of the problem of the 
infectious theory of leucemia and also to 
its effective treatment. 


THE TREATMENT OF 
BY THE 


EXUDATIVI 
IRRADIATION OF THI 
GLAND 


DIATHESIS 
THYMUS 


At a recent 
Sx ciety, Dr. J. 


meeting of the Medical 
Jené Vas stated that he had 
made roentgen-ray examination of all 
children admitted to the Children’s Clinic 
and had found a_ definitely enlarged 
supracardiac shadow tn almost all the cases 
of exudative diathesis, which group of 
diseases is most closely associated with 
so-called status thymicolymphaticus. He 
systematically applied deep roentgen-ray 
treatment over the thymic area in 
these children who were suffering from 
eczema, prurigo and urticaria pigmentosa. 
His results were variable. 


Howe\ er: the 
favorable results achieved In certain cases 
prompts 


him to suggest this method of 
treatment in all such cases where this type 
of diathesis is refractory to hitherto 
employ ed dietetic 
treatment. According to his opinion the 
reduction of the function of the thymus ts 
conducive to a loss of alkali in the organism 
and this favorably influences the improve- 
ment seen in these exudative diatheses. 


THE ROENTGEN DIAGNOSIS OI 
INTRAUTERINE DEATH OF THI 
FETUS 


At a recent meeting of the 


University 
Screntilic 


Association of Budapest Dr. 
Francis Szellé called attention to the fact 
that intrauterine fetal death cannot always 
be clinically diagnosed and in such instances 
considerable assistance may be had from 
the roentgen-ray examination of the 
mother. When fetal death has occurred 
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there is shown a flattening of the roof of the 
skull, with an asymmetry and collapse 
of the whole skull as a consequence of the 
post-mortem shrinking of the intracranial 
contents. There is also an appreciable 
bending of the spinal column with an over- 
riding of the edges of the bones upon one 
another. Spalding was the first to call 
attention to this method of examination; 
others, chiefly American authors, have 
published their views and observations 
on intrauterine fetal death. Dr. Szellé 
chiefly emphasized the fact that the 
roentgen examination is only of assistance 
before the head is engaged and before the 
actual onset of labor. 


INFLUENCING THE SIZE OF THE HEART BY 
ATROPINE, ADRENALIN AND AMYL 
NITRITE 
At a recent meeting of the Vienna 


Medical Society Dr. D. Scherf reported a 
series of experiments which he had carried 
on in his clinic on the measurements of the 
size and shape of the cardiac shadow after 
the introduction of varying solutions of 
atropine, adrenalin and the use of amyl 
nitrite. He determined the size of the heart 
roentgenographically by the method of 
Gétt and Rosenthal, with certain modifica- 
tions. His experiments led him to the 
following conclusions: Intravenous injec- 
tions of 0.002 gm. of atropine in healthy 
subjects caused, in the stage of accelera- 
tion, a diminution in the systolic and 
diastolic heart diameters, that is, a diminu- 
tion of the size of the heart. The diminution 
in general is the more pronounced with the 
increase of the pulse rate. The diminution 
of the diameter of the heart as determined 
roentgenkymographically was considerably 
less than that established by Moritz 
orthodiagraphically after subcutaneous 
injection of 0.002 gm. atropine. The 
normally expected change in the systolic 
size of the margins of the heart shadow, 
and accordingly that of the beating volume 
could not be observed and confirmed. The 
intravenous injection of 0.05 c.c. of a 1 
per cent solution of adrenalin never 
produces in a normal subject any increase 
in the size of the heart. However, in a few 
of the cases a definite diminution in the 
kymographic curve could be noted. An 
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increase of the size could not be observed 
even when the blood pressure rose over 200 
mm. mercury. This may be explained on 
the ground that the positive inotropic 
action which is conducive to the diminution 
of the size of the heart and a rise of blood 
pressure has the effect of increasing the 
size of the heart, counterbalanced each 
other and in exceptional cases one of them 
—the former rather—predominated. In 
some cases besides the diminution of the 
diameter of the heart there was also a 
diminution of the excursion of the heart, a 
fact which points in all probability to an 
actual diminution in the beating volume. 
It could also be observed that upon the 
inhalation of amyl nitrite the size of the 
cardiac shadow definitely diminished. 


A CASE OF INFLAMMATORY TUMOR 
FORMATION IN THE TRANSVERSE 
MESOCOLON 


At a recent meeting of the Vienna 
Roentgen Society Dr. Pape exhibited a case 
in which an inflammatory tumor formation 
was masked by the clinical picture of 
stenosis of the rectum. The patient three 
weeks prior to the roentgen examination 
had been operated on for inguinal hernia 
and had lost 14 kilos in weight. 
He had considerable pain in the abdomen 
and repeated roentgen examination 
revealed the presence of a persistent filling 
defect 10 cm. long in the region of the 
transverse colon. The form and extent of 
this defect varied at different examinations, 
and upon palpation over this area there 
was a feeling of resistance corresponding to 
that of a contracted colon. The roentgen 
diagnosis was a spastic colon probably 
secondary to a colitis with probable organic 
changes in the walls of the colon. At 
operation there was exposed an extensive 
inflammatory mass in the transverse meso- 
colon as well as in the retroperitoneal 
connective tissue, with extensive peritoneal 
adhesions. These changes gave the roentgen 
picture which could not be differentiated 
from a filling defect caused by a tumor. 


THE EFFECT OF ULTRA-SHORT RADIO WAVES 
UPON THE TUBERCLE BACILLUS 


It is no recent observation that ultra- 
short radio waves have a definite effect 
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upon living organisms. Professor Esau of 
the University of Jena, Germany, carried 
on extensive experiments with these short 
waves, ranging from 2 to 5 meters, and he 
found that insects upon being exposed to 
these rays were killed in a few seconds. The 
deleterious effect of these rays is noticeable 
not only upon insects but upon bacteria, 
as for instance, the tubercle bacillus. 
According to Professor Esau the ultra-short 
waves form a_ powerful and_ hitherto 
unknown weapon against bacteria. He 
states that this is not only a hypothesis, 
but a fact borne out by a series of experi- 
ments. He exposed a culture of tubercle 
bacilli to the action of the ultra-short 
waves and found that shortly afterward 
they had entirely lost their activity. After 
this observation he inoculated a series of 
mice with tubercle bacilli and tried the 
effect of short waves upon these mice. 
Those which were exposed to the ultra- 
short waves were resistant to the inocula- 
tions while all of the non-exposed mice 
contracted tuberculosis and showed every 
manifestation of the disease. Professor 
Esau has not yet extended his experiments 
to humans. However he exposed to the rays 
sluggish wounds and ulcers which resisted 
all kinds of treatment and observed that 
although other methods of treatment had 
failed to heal the obstinate wounds, under 
the action of the ultra-short waves they 
were rapidly healing, new healthy granula- 
tion tissue and afterwards normal epi- 
thelium having been formed. Professor 
Esau will continue his experiments on 
human subjects, and further observations 
will prove whether the ultra-short waves 
are really of such bactericidal action as they 
seemed to be in the case of mice. 


COMMITTEE FOR INVESTIGA- 
TION OF X-RAY TUBE 
SITUATION 


The committee to study the situation 
with regard to roentgen tubes has been 
organized by Dr. David R. Bowen, chair- 
man, as follows: Dr. E. C. Ernst, St. Louis; 
Dr. G. W. Grier, Pittsburgh, Dr. I. H. 
Lockwood, Kansas City, and Dr. E. A. 
Pohle, Madison. 
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DEPARTMENT OF TECHNIQUE 


Department Editor: Davip R. Bowen, M.D., Pennsylvania Hospital, Philadelphia, Pa. 


In this department will be published from time to time, as material is available, suggestions for improvement in technique 


ROENTGEN TECHNIQUE WITH TUBE VOLTAGE AS 
THE VARIABLE 


BY RALSTON 


PATERSON, 


M.D. 


Division of Roentgenology, University of Chicago 


CHICAGO, 


N the taking of any roentgenogram there 
are, apart from the question of screens, 
grids and filters, four main variables: (1) 


the current through the tube; (2) the 
distance between tube and film; (3) the 
time of exposure, and (4) the voltage 


applied to the tube (measured in kilo olts). 

For any type of body part, tube current 
is relatively fixed, depending upon the 
focus of the tube. Fine focus tubes carry 
only a small current and therefore require 
longer exposure time, but they give excel- 
lent detail. Broader focus tubes carry 
heavy currents if desired but give poorer 
detail. In practice one uses the smallest 
focus tube which will keep exposure time 
within reasonable limits for the part 
roentgenographed when the tube is made 
to carry its greatest allowable current. 

Tube distance ought to be the greatest 
that can be used without undue prolonga- 
tion of exposure time because with increas- 
ing distance the distortion of the shadow 
becomes less. When using a grid Potter- 
Bucky diaphragm) the tube distance is 
fixed by the construction of the grid. 

In the earlier days of roentgenology It 
was the custom to control photographic 
effect for varying thickness of part by 
varying exposure time while keeping tube 
current, distance and voltage practically 
fixed. Recently the introduction of fine 
autotransformer control machines has 
made it common practice to vary both 
tube voltage and exposure time. It was 
first suggested to me by Mr. W. W. Mowry 
that for particular groups of body parts 
it was possible to obtain adequate control 
of exposure by varying only one of the 
factors, namely tube voltage, 
the others fixed. 


with all of 


ILLINOIS 


Time and the other factors must vary 
from group to group. For instance, some 
arts must be roentgenographed using 
focus tubes with shortest 
possible exposure time to avoid the effects 
of respiratory movement, while other 
parts can be sufficiently well immobilized 
to allow the use of finer focus tubes and 
consequently longer exposure. Thicker 
parts must be roentgenographed on the 
grid using intensifying screens, while other 
parts not requiring the grid can be taken 
using films in cardboard holders. All parts 
of the body commonly ocsteonay raphed 
can be placed in nine groups: 1. Extremi- 
ties regular. 2. Extremities aia technique. 

_ Skull and trunk bones regular. 4. Special 


skull technique. 5 . Trunk soft parts. 6. Chest 
regular. Chest special. 8. Stomach. 9. 


Trunk bones special low voltage technique. 
Within each of these groups it is possible 
to fix time, distance, screens, and vary 
only kilovoltage to compensate for varying 
thickness of the part. The method is of 
particular advantage when using the grid 
because grid speed, when once set, need not 
be altered from patient to patient as Is 
necessary when time is varied. Except for 
special examinations such as those follow- 
ing barium meal or other contrast medium, 
more effective results are obtained by 
lower rather than higher kilovoltages even 
though this entails prolongation of 
exposure time. 

With highly trained and experienced 
technicians it is possible to get good results 
by mere personal estimation of the 
patient’s density yet with the ordinary 
technician, or with the semitrained tech- 
nician, I believe that better results are 
obtained by actual measurement of the 
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thickness of the part being roentgeno- 
graphed. While not essential in small parts 
coh as ankles or knees, in spines or a 
where the variation from person to person 
is so wide, measuring of the thickness of the 
part to be roentgenographed gives more 


CHART I FOR GROUPS | AND 3 
TUBE CURRENT IO MILLIAMPERES 


o 


THICKNESS OF PART IN INCHES 


30 40 6 7 8% KO 10 
ACTUAL PEAK KILOVOLTS 


Fic. 1. Chart 1 is a graph showing relationship between 
actual peak kilovoltage and thickness of part for 
groups 1 and 3. It illustrates a preliminary step in 
the preparation of Chart 1. 


uniform results than the mere estimation 
of the patient as “medium,” “light,” or 
“heavy.” Using tube voltage as a single 
variable this becomes easy as one has only 
to chart the measured thickness of the 
part against a suitable kilovoltage scale. 
By grouping the parts to be roent- 
genographed thus, it is possible to draw up 
a series of charts by which the exposure 
technique may be determined merely by 
measuring the part thickness and using 
the tube voltage connected thereto with 
with the one standard technique for that 
type of part. When establishing technique 
with a new plant it is advisable to have a 
separate chart for each of the groups and 
to experiment with that until it duplicates 
consistently. As a general average, from 
7 to g actual peak kilovolts are added or 
subtracted for every inch of increased or 
lessened thickness of part up to tube limits. 
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After each group has been tested out it ts 
possible by maneuvering the time or the 
distance, somewhat, to amalgamate several 
charts into one. Figures 1 and 2 show charts 
for the technique which we have had in 
use for some time and have found effective. 


CHART II FOR GROUPS 5-6-7 AND 
TUBE CURRENT 100 MILLIAMPERES 


~ 


THICKNESS OF PART IN INCHES 


170 8 90 100 10 120 
TUBE VOLTAGE IN ACTUAL PEAK KILOVOLTS 


Fic. 2. Chart 1. Same as Chart 1 except that it is for 
use with groups 5, 6, 7 and 8. 


The technique in each group is as 
follows: 


Group |. 

Extremities Regular. These are done 
with film in cardboard holders, without 
screens and without grid; diaphragming as 
necessary. At 22 in. distance and 20 ma. 
the exposure ts 6 seconds. It is safe to use 
the 10 ma. tube for this because the 
voltage is very low. If aluminum stereo- 
scopic tunnels are used the time must be 
increased to compensate for absorption in 
the aluminum. No account is taken of the 
part roentgenographed: whether it be a 
finger or a shoulder one merely measures 
the thickness of the part and uses the 


kilovoltage indicated on the chart. If 


necessary, distance may be increased to 
28 in. and the time doubled. 


Group 2. 
Extremities, Rapid Technique. In the 
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roentgenographing of the extremities of 
children or unconscious patients, It Is 
frequently impossible to immobilize the 
part, and exposure time must therefore 
be as short as possible. To accomplish 
this we use the 100 ma. tube operating at 


CHART IIL 
COMPOSITE CHART FOR ALL GROUPS EXCEPT 9 
12) 


|. IP MEASURED THICKNESS 
INDICATES VOLTAGE ABOVE 
SAFE LIMIT FOR TUBE 
WORK AT SAFE LIMIT BUT 
‘INCREASE TIME BY AMOUNT 
SHOWN ON SECOND SCALE 
for inch part 

| ‘with A: tte 


10 


3 VOLTAGE Limit io mA-TUBE 
| 
26 
z | 
VOLTAGE LIMIT 20 ON 10 MA TUBE 
2 MINIMUM VOLTAGE LIMIT FOR 16D MA: LOADS 
<5 WHEN USING INTENSIFYING SCREENS | 
x 
- 

2 —- 

Z | | 


40 50 60 70 80 90 100 lI0 120 130 
NO LOAD READING ON K:V: METER OF OUR 
PARTICULAR MACHINE 

33 43 53 671 8O 93 105) 


(t0O M-A) 


ACTUAL PEAK KILOVOLTAGE 


Fic. 3. Chart 11. A composite graph for use with all 
groups of parts except group 9. The no-load kilo- 
voltmeter readings are valid only for the particular 
machine used by us but the values for actual peak 
kilovoltage are generally applicable. 

The minimum voltage limit for 100 ma. loads must 
be observed when using intensifying screens because 
with voltages lower than 38 (actual peak) the front 
screen absorbs so much radiation that its presence 
retards rather than accelerates the exposure. 


full capacity; film between double intensi- 
fying screens; an exposure time of !4 sec. 
and the same no-load kilovolt reading as 
with the regular 20 ma. technique. The 
actual peak kilovoltage is considerably 
lower, of course, and the milliampere- 
seconds only 25 as against 120, but this IS 
compensated for by the screens, and the 
resulting film is of about the same photo- 
graphic density as one made by the regular 
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Group 3. 


Trunk Bones. To avoid the effect of 
scattering, all deeper lying parts of the 
skeleton must be taken on the grid, which 
automatically fixes the distance and entails 
the use of screens. The group includes skull, 


CHART I¥ 
SPECIAL LOW VOLTAGE CHART FOR GROUP 9 
TUBE CURRENT MILLIAMPERES 
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ACTUAL PEAK KILOVOLTS 


Fic. 4. Chart tv. Low voltage chart for use with group 
g. Values are in actual peak kilovolts. Side c of the 
measuring ruler (Fig. 6) is calibrated in no-load 
readings converted from the values of this graph. 


neck, large shoulders, large knees, spine, 
pelvis, ribs, etc. The 10 ma. tube is used 
to get fineness of detail. Using a 30 in. 
radius grid, exposure time Is 10 sec. 


Group 4. 


Special Technique for Skull. We have 
a special skull table equipped with a small 
grid and having a fixed 25 in. target-film 
distance. For films with radiation directed 
through from front to back or the reverse 
the rays have to pass through an unusually 
large amount of bone. Because of this a 
current of 30 ma. is used. Time is 4 sec. 
The lateral view is done with 20 ma.; the 
other factors remain unchanged. 


2a) 134 | — 

G13 
1659 : 
TUBE 
JAOUIAGE Limit 

M-A-TUBE | 
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Group 5. 


Body Soft Parts. The group includes 
kidney, gall-bladder, colon | pregnant 
uterus. Because of the thickness of the 
arts, it is necessary to use the grid, but 
in all of these examinations it is important 


Fic. 5. Measuring ruler assembled for use. The side 
shown is a of Figure 6. In roentgenographing any 
part of the body (except group 9) the operator con- 
sults Table 1 for current, time and distance values, 
measures the thickness of the part with this ruler and 
reads off directly the no-load kilovolt reading that 
should be used. For a hand this will be as low as 42 


on the meter and for some chests as high as 140. 


to make the film during suspended respira- 
tion, so that speed is essential. Because 
of this we use film in double screen cas- 
settes and a hundred-milliampere tube 
operating at 100 ma. The time is 1!4 sec., 
and the voltage is that indicated on the 
thickness chart. 


Groups 6 and 7. 


Chest. The regular chest film, made 
with the patient facing the film, is done at a 
distance of 72 in.; a current of 100 ma., 
and an exposure time of 14 sec. In a rigid 
application of the voltage chart oblique 
and lateral chests should also be done at 
72 in. with a voltage indicated by the 
thickness of the chest in the oblique and 
lateral diameter. In practice, however, 
this would run the voltage above the safe 
limit for the tube and so we reduce the 
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distance to 50 in. for obliques and 35 in. for 
laterals, tse 100 ma., but use the voltage 
indicated by the thickness of the chest in 
the regular posteroanterior position. When 
patients are too ill to iand ae sit in front 
of the chest film changer and must be 
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Fic. 6. Sketch of calibration scales on measuring ruler. 
(Reduced four-fifths.) All voltage values are in no- 
load kilovoltmeter readings on a 14 in. Kelley- 
Koett double dise X-ray machine. 

Side a embodies the values of Chart 111 and is 
used with all groups of parts except group 9. 

Side B is used to determine the necessary time of 
exposure in cases where the thickness of the part 
would indicate a voltage higher than the safe limit of 
the 100 ma. tube. For instance, in roentgenographing 
the gall-bladder of a very stout patient it may be 
found that the body measures 134 kv. (about 32 cm.), 
which with a load of 100 ma. means an actual peak 
kilovoltage of about 112, well above the limit of 
safety. In such cases the operator holds the slider 
at 134, turns the ruler to side B and notes that ifthe 
voltage is held at the safe limit of 106 kv. (no-load) 
exposure time must be increased to 5 sec. No provi- 
sion is made for lengthening exposure when thick 
parts indicate a voltage greater than go (no-load) for 
the 10 ma. tube because in practice such parts are 
done with the low voltage scale (side c). 

Side c. Low voltage scale for use with group 9. 
Values in no-load kilovolt readings for our machine; 
obtained by converting peak kilovolt values from 
Chart tv. For parts thicker than go kv. no-load (25 
cm.) the ruler indicates an increase of exposure time 
with voltage fixed at go. 


roentgenographed lying on their backs in 
bed it is not convenient to use a target- 
film distance of 72 in. In such cases a dis- 
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tance of 30 in. is used and the exposure 
time Is reduced to 1¥9 sec. 


Group 8. 


Stomach. In  roentgenographing the 
barium-filled stomach the problem is prac- 
tically the same as in the parts in group 5 
except that speed is pe an important 
factor that we prefer to work without the 
grid and thus be able to reduce exposure 
time to 14 sec. 

Group 9. 

Low Voltage Technique for Spine and 
Pelvis. Mr. Glen Files first demonstrated 
to me the advantages of the 10 ma. tube 
and extremely low voltage in all cases of 
deep-lying bony parts where it is possible 
to obtain good strap immobilization for 
the long exposures necessary. Films made 
in this manner show excellent contrast. 
The same principle of voltage control can 
be applied. Figure 4 shows a chart of this 
technique. 

When the kilovoltage scale runs beyond 
the safety limit of the tube (on our charts 
this occurs with very stout patien:s), 
one uses the maximum allowable voltage 
of the tube and increases exposure time. 

Charts I and II (Figs. 1 and 2) are in 
actual peak kilovolts as calibrated by 
sphere gap and are applicable to any 


TABLE | 
Current, time, and distance values for the nine groups 


of body parts. 


Group 1. Extremities Regular. 


Current. 20 ma. 

‘Time 6 sec. 

Distance 22 in. 

Grid . Not used 
Material. . Film 

Voltage. . Use Chart 11 or 


I 
Group 2. Extremities Rapid Technique 


Current. 100 ma. 

Time 14 sec. 

Distance 22 in. 

Grid . Not used 

Material Film with double 
screens 


Voltage....... Use Chart m1 
Group 3. Skull, Trunk bones, Pelvic Bones. 


Current 10 ma. 

Time. 10 sec. 

Distance 30 in. 

Grid. . . Used 

Material Film with double 
screens 

Voltage Use Chart m1 or 
I 


(Skull, trunk, pelvis, rapid technique; use 
group § settings) 
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Group 4. Skull (Special Technique for Head Grid) 


a. Anteroposterior 


and posteroan- 
terior positions 
Current. 30 ma. 
4 sec. 
Distance 25 in. 
Grid... Special head grid 
used For 
Material ..... Film with double | Voltage 
screens use 
b. Lateral Chart 
Current. 20 ma. III 
Time.. 4 sec. 
Distance 25 in. 
Gred.... Special head grid 
used 
Material. Film with double 
screens j 
Group 5. Kidney, Gall-bladder, Pregnant Uterus, 
Colon. 
Current. 100 ma. 
Time 134 sec 
Distance 30 in. 
Grid. Used 
Material...... Film with double 
screen 
Group 6. Chest Regular 
Current. 100 ma. 
Time 114 sec. 
Distance. 72 In. 
Grid......... Not used 
Material...... Film with double 


Group 7. Chest Special ( 
measured for 
chest) 


screens 
Use voltage as 
anteroposterior 
For 


a. Oblique Same factors except dis- Voltage 


tance 50 In. 


use 


b. Lateral Same factors except dis- Chart 


tance 35 in. 


c. Patient on back in bed 


Current. 100 ma. 

Time.. Lig sec. 

Distance 30 in. 

Grid. Not used 

Material. .. Film with double 
screens 

Group 8. Stomach 

Current. 100 ma. 

Time. . Ls sec. 

Distance 30 in. 

Grid... Not used 

Material...... Film with double 
screens 


Group 9. Spine and Pelvic 


III or Il 


(Low Voltage Technique) 


Chart rv 

Current. 10 ma. 

Time... 45 sec. 

Distance...... 30 in. 

Grid... Used 

Material Film with double 
screens 

Voltage....... Use Chart tv 


Note: One millimeter of aluminum used as a filter. 
“Grid” refers to the so-called Potter-Bucky dia- 
phragm. “Film” indicates Eastman contrast film in 


cardboard holders. “ Film 


with double screens” indi- 


cates Eastman film in bakelite front cassettes between 
Patterson intensifying screens. Using other makes of 
film or screen it may be necessary to alter exposure 
time to compensate for different speed factor. 


| 
| 
| 
| 
| 
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machine but may be converted to pre- 
reading voltage or kilovoltage for a particu- 
lar machine. By allowing for the voltage 
drop which occurs with 100 ma. loads, we 
have been able to amalgamate several 
charts into one. This is illustrated in 
Figure 3 where the horizontal values. are 
no-load readings on the kilovoltmeter of 
our particular machine. 

Further simplification can be achieved 
by marking the no-load kilovoltage scale 
directly on the ruler used to measure 
the patient’s thickness. In taking a roent- 
geno zram the technician turns to Table I 
or the current, time and distance factors 
common to the group to which the part 
belongs, and then by measuring with the 
ruler finds the kilovoltage that should 
be used for a part of this particular 
thickness. 

Figure 5 is a photograph of our measur- 
ing ruler and Figure 6 is a sketch showing 
how it is calibrated. 

This form of more or less mechanical 
technique is especially useful in a depart- 
ment where one is dealing with personnel 
under training, as the general principles 
are easy to understand and Se and 
reasonably consistent results are obtained 
by applying the voltage scale absolutely 
mechanically throughout the entire range. 
As technicians become really experienced 
they develop an ability to estimate their 
patients as tending to be, from a roent- 
genological point of view, thinner or 
thicker than they actually measure. They 
learn that the stout woman with large 
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breasts and small thoracic cavity has a 
chest which is denser that it measures, 
while the emaciated man with the large 
roomy thorax and thin chest wall is 
actually less dense. In such cases they 
compensate by measuring either gener- 
ously or closely. They learn, too, that 
extremities, long immobilized by disease 
are much less dense than normal extremi- 
ties of the same measured thickness and 
that the mandible requires less radiation 
than the lateral skull though the two may 
measure about the same. But all this 
belongs to the finesse of roentgenography. 


SUMMARY 


Control of roentgen exposure using 
kilovoltage as the sole variant is both 
possible and successful. 

Measurement of part thickness gives 
more consistent results than any form of 
personal estimation of thickness. 

It is possible to arrange all commonly 
roentgenographed parts of the body into 
nine groups within which all factors except 
voltage remain fixed, and then determine 
voltage for the particular part being 
roentgenographed by charting against the 
measured thickness of the part. 

By suitable maneuvering of technique 
it is possible to amalgamate charts for 
eight of the groups into one; convert 
actual peak kilovoltage into no-load kilo- 
volt readings and put these values directly 
on the ruler used to measure thickness of 
part. 

The use of such a ruler is discussed. 
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INTERNATIONAL ABSTRACTS OF ROENTGEN 
AND RADIUM LITERATURE 


MISCELLANEOUS 


Hueper, WituiaM C. The relation of the his- 
tological structure to the prognosis of the 
carcinomata of the uterine cervix. Surg., 
Gynec. Obst., 1928, xlviil, 502-511. 

A report is given of a method of numerical 
evaluation of histological malignancy freed 
to a large extent from the influence of indi- 
vidual interpretation by embodying twenty 
different factors representing histological quall- 
ties of the parenchyma and the stroma of 
carcinomas. The sum of the evaluations, or 
the “histological malignancy index”’ possesses 
a definite relationship to the end-result. The 
“stroma index” or the sum of the evaluations 
pertaining to the antiblastic qualities of the 
stroma was in general higher in cases with 
end-result 1 than in those with end-result 2, 3 
and 4, dying in the first three years after the 
onset (end-result 1 is when the patient is free 
of symptoms and shows anatomical healing 
three years after the beginning of treatment; 
end-result 2, when the patient lived for two or 
three years after the beginning of treatment; 
end-result 3, when the patient lived one or two 
years, and end-result 4 when the patient lived 
a year after treatment was started). 

The “parenchyma stroma’ coefficient 
showed a definite relation to the duration of 
the disease. Definite information concerning 
the course of a carcinoma depends on nu- 
merous local and general endogenous and exog- 
enous factors. The “histological malignancy 
index” in which only the histological evidence 
of the malignancy of the tumor cells and the 
local reaction of the organism is considered 
can therefore render an approximate estimation 
of the future course of the disease. 

Radiosensitiveness of a carcinoma decreases 
with an increase of the malignancy index. A 
malignancy index which remains stationary 
or shows only minor variations from the value 
obtained before the beginning of the roentgen- 
ray treatment points to the presence of a 
radiorefractory carcinoma, while a marked 
drop of the value of the malignancy index after 
irradiation is apparently indicative of a good 
radiosensitiveness of the tumor. 


Knox, Lerta C. Radiosensitivity and tumor 
morphology. Radiology, 1928, xi, 229-238. 


Radiosensitivity is not to be confused with 


clinical cure, but is a term used only to 


designate the action of the tissue to radiation. 
The attempts which are being made to correlate 
the morphological picture of a tumor with its 
radiosensitivity are of the utmost importance 
and should be extended as rapidly as possible. 
Of the morphological characteristics, the 
degree of differentiation is probably the most 
important single feature in every situation. 
In the use of such morphological criteria as 
differentiation, it must be remembered that 
what is true of one organ does not necessarily 
apply to another. 

Other factors, the importance of which 
depends upon local conditions, are the size of 
the cells, size and irregularity of nuclei and the 
abundance of mitoses. Of less importance, Is 
the character of the stroma and its infiltrating 
cells. There is no constant relationship between 
vascularity and sensitivity. Sensitivity may be 
to a certain extent predicted from morphology 
of a tumor, but absolute exceptions to this rule 
are not infrequent. In treatment, morphology, 


though valuable, may be subordinate to 
histogenesis. 
KistNerR, Hans. The dosage of Bucky’s 


borderline rays in R-units determined with 

the standardizing apparatus. Strablen- 

therapie, 1927, XXVII, 124-145. 

The use of Bucky’s very soft roentgen rays 
has increased greatly in practice but so far it 
has been very difficult to get an accurate 
dosage. The author in this article works out 
the dosage of the borderline rays in R-units. 
The spectrum of the borderline rays with 
different kilovolt numbers, different thicknesses 
of the Lindemann glass window and different 
focus distances is discussed. With the same 
kilovolt and milliampere figures the intensity 
and hardness of the borderline rays proved 
different for different tubes because of different 
thicknesses of the Lindemann glass. The 
borderline rays are so soft that their intensity 
and hardness are affected merely by air 
absorption. For this reason the dosage of these 
rays must be determined at the time they are 
being applied. The necessity for measuring 
the borderline rays in R-units, as independently 
as possible of their hardness, because of their 
great absorbability led to the construction 
of a new kind of chamber, the short chamber. 
This short chamber is described in detail 
and illustrated. The window through which 
the rays pass in consists of cellophan treated 
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with graphite; it is a few hundredths of a- 
millimeter in thickness and the physician can 
change it himself when necessary. This chamber 
can be placed in the standardizing apparatus. 
The absorption of the borderline rays in air, 
cellon and cellophan was determined. It was 
found that the absorption in 10 cm. air was 
equal to that in 0.105 mm. cellon. The short 
chamber was compared between 7 and 60 
kv. with the small containing chamber and 
between 20 and 60 kv. with the containing 
chamber of the large standardizing chamber 
and the short chamber standardized in r-units. 

The deep distribution of the borderline rays 
in cellon was determined and that in water 
calculated from known data. The intensity 
down to several millimeters depth is by no 
means negligible. The depth of penetration of 
the borderline rays differs so much with 
different kilovolt counts that it must be 
determined too. This is best accomplished by an 
analysis of absorption. The dosage with a 
dermix apparatus showed that with 10 cm. 
focus distance, 9 kv., and 9 ma., 1000 R-units 
were given in 744 minutes. 


Kistner, Hans. The absolute determination 
of the R unit with the large gauging appara- 
tus. Strablentherapie, 1927, xxvil, 331-347. 


A method is described and illustrated which 
makes it possible to determine the r-unit 
absolutely with the author’s large gauging 
apparatus. A Harms condenser of known 
capacity is attached to the apparatus and its 
middle coat connected alternately with the 
covering of the apparatus and with a known 
source of current in such a way that on applying 
the current to the electrometer cords of the 
gauging apparatus it runs through the same 
scale as in ionization by roentgen and radium 
rays. The amount of electricity produced in 
this way in the gauging apparatus by way of 
ionization is then independent of the capacity 
and current sensitiveness of the gauging 
apparatus as we'! as of the capacity of the 
connecting conductor and equal to the product 
of the capacity of the Harms condenser and 
the current. A gauging obtained in this way 
by connection with the condenser also holds 
good after detachment from the gauging 
apparatus. In this way the absolute measure- 
ment can be transferred to instruments (con- 
denser, voltmeter) which can be gauged, 
controlled and kept independent of the gauging 
apparatus. Two measurements taken inde- 
pendently of each other show that the gauging 
of gauging apparatus by the absolute method 
agrees to within 1 to 2 per cent with gauging 
by comparison with a normal apparatus. 


International Abstracts of Roentgen and Radium Literature  Feervany, 1920 


Lau, W. Reporting dosage in radium treat- 
ment. Strablentherapie, 1927, xxvi, 773-780. 
This is a criticism of Coliez’ suggestion for 

reporting dosage in radium treatment. The 
author concludes that there is no reason for 
giving up the usual designation of amount and 
dosage based on the content of the preparation 
in radium element. Different conceptions only 
introduce uncertainties, which would better 
be avoided, into the difficult question of the 
use and dosage of radium. So it is best to con- 
tinue the use of the milligram-hour as the 
unit of dosage, particularly if it is supplemented 
by the conception of local radium element 
concentration and the determination of the 
distance in centimeters. In the special tech- 
nique of irradiation it will always be necessary 
to state accurately the amount of radium, the 
form of the carrier, the filtration, distance 
and interval. 


Miescuer, G. Roentgen biology of the normal 
and diseased skin, Strablentherapie, 1927, 
XXVIl, 257-280. 

On the normal skin the clinical symptoms of 
the roentgen rez action are redness, pigmenta- 
tion, loss of hair and in severer degrees erosion 
and formation of a scab. The reaction was 
formerly thought to take place in two waves, 
an early erythema immediately after the irradi- 
ation and the true roentgen erythema at the 
end of the second week or in the course of the 
third. But it has been found that it takes 
place in three or sometimes four waves, during 
the first, third, sixth and ninth weeks. Some- 
times they are separated by intervals, some- 
times they become confluent. The hardness of 
the rays has no effect on the course of the reac- 
tion. The French authors are mistaken in 
saying that there is an elective injury of the 
epidermis by hard rays. And recent experi- 
ments made by the author have shown that 
the child’s skin is not more sensitive than that 
of the adult. It even seems to be a little less 
sensitive. The skin erythema ts always followed 
by pigmentation. In weak reactions pigment: i- 
tion may even occur without any visible red- 
ness. Signs of degeneration occur early in the 
cells of the epidermis. The most interesting 
histological change is the anomalies of mitosis. 
From the moment of irradiation until regener- 
ation begins there are no normal mitoses. 
When regeneration begins, after several 
weeks, many normal mitoses suddenly appear. 
The time when regeneration begins does not 
seem to depend on the dose at all but only on 
the degree of injury of the skin. Cells that have 
been very little injured or not at all are the 
starting point of the regeneration. They seem 
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to be reserve cells that are not sensitive to 
rays and are found in other tissues also. 

Functional and capillary microscopic exami- 
nations show that the waves produce inflamma- 
tion rather than injury of the vessels. There is 
no proof that immunobiological processes are 
involved in the roentgen reaction. No actino- 
proteins are known that act as antigens and 
there is no evidence of the development of 
antibodies. The biological nature of the 
roentgen skin reaction is still by no means clear. 
When the acute dermatitis is over with there 
is a late injury characterized by telangiectasis, 
anomalies of pigmentation and necroses and 
sometimes ulceration and the development of 
carcinoma. In roentgen ulcer there is no 
granulation tissue demarcating the necrosis. 
In the late injury as well as in the acute der- 
matitis the capacity of the cells for normal 
mitosis is destroyed, but in acute dermatitis 
the greatest change is in the epidermis, in late 
atrophy in the cutis. The degree of c umulation 
of the roentgen effect varies in different cells 
and tissues. 

In pathological conditions roentgen irradia- 
tion is valuable in abscesses, furuncles and 
phlegmons. Pain and swelling quickly disappear 
and the course of recovery is shortened. This 
may be due to an action on the leucocytes or 
an action on the general condition analogous to 
the action of protein bodies. In late eczema, in 
which the effect of the rays is also good, they 
probably destroy the cells that are most 
imjured so the skin has a chance to recover. No 
systematic histological examinations have been 
made of the action of the rays in eczema. 
There is no decrease of the allergic reactive 
capacity of the skin brought about by roentgen 
rays. After healing of an irradiated as well 
as an unirradiated focus of eczema the skin 
remains as specifically hypersensitive as before; 
the same is true of other forms of allergy, for 
example tuberculin allergy. Roentgen rays do 
not have a desensitizing action. 


Morosima, R. Experimental study of the 
effect of roentgen rays on inflammations in 
comparison with other physical methods. 
Strablentherapie, 1928, xxix, 30-70. 


Experiments are described on rabbits. Cat- 
gut threads impregnated with silver nitrate 
or silk threads impregnated with emulsions 
of streptococci were run beneath the skin of 
the animals, producing inflammation; they 
were then irradiated with 180 kv., 23 cm. skin 


distance, 0.5 mm. copper filter, one skin 
erythema dose, or 720 r. The experiments 
confirmed the fact, found clinically, that 


roentgen rays have a good effect on inflam- 
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mations. The inflammatory infiltration around 
the source of irritation is decreased. There is a 
certain breadth of dosage that is effective 
which varies with the species of animal and 
the local condition of the tissues. Local and 
general processes play a part in the effect. The 
general processes are ones of nonspecific 
increase of immunity; the local ones consist 
primarily of dilatation of the vessels, hyper- 
emia, increased movement of ly mph and 
processes of local immunity. Formation of 
abscesses can be furthered by large dosage. 
The effect of roentgen rays in inflammation 
resembles that of heat most and that of cold 
least. Combined heat and roentgen treatment 
with proper dosage is more effective than 
either one alone. 


Murpocu, J., and Stanet, E. Comparative 
studies of two dosimetric roentgen units— 
the French r (Solomon) and the German R 
(Behnken). Strablentherapie, 1927, xxvii, 
561-571. 

Comparisons made by the authors show that 
the relation between the two R units is not 
constant. It varies from 2.40 to 4.55 in the 
measurements that they made. The proportion 
increases with an increase of tension and filtra- 
tion. Ionometric chambers of different con- 
struction which were gauged with radium 
according to Solomon’s directions very rigor- 
ously in the same way gave very different 
figures. The French unit therefore cannot be 
considered an absolute unit. It is essential 
that the small ionization chambers in ordinary 
use be gauged with the aid of large standard 
chambers for the different tensions and the 
different filters used. The ionometric measure- 
ments must be made in the air without a 
phantom if an ionization chamber is not 
available whose figures are independent of 
wave lengths. But it is possible, taking into 
consideration the secondary irradiation meas- 
ured by Solomon’s apparatus, to compare the 
doses of French and German authors. If these 
different factors are taken into account it 
seems that the disagreement in the two units 
is not very great. 


NasLepow, D. N., and Kacura, T. M. 
Dependence of distribution of deep dosage 
on the kind of roentgen apparatus. Strablen- 
therapie, 1927, xxvil, 169-186. 

The question of whether the distribution of 
the deep dosage depends on the kind of appara- 
tus used is of fundamental importance in the 
question of roentgen dosimetry. In this article 
the author compares the distribution of dosage 
in the deep tissues with different forms of 
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apparatus and gives curves showing the results. 
The measurements were made with a Siemens 
dosimeter. They showed about the same values 
for percentage dosage in the deep tissues and 
certain differences in absolute values; these 
differences decreased in therapeutic apparatus 
with increasing tension and heavy filters. The 
quality of radiation yielded by three different 
types of apparatus was also examined. It was 
fownd that a mixed apparatus resembled the 


stabilovolt apparatus closely in the quality of 


rays yielded while the hard ray apparatus 
differed considerably from both. The radiation 
yielded by the stabilovolt apparatus was 1.5 
times as intense as that of the hard ray appa- 
ratus. These results were obtained by a study 
of the microphotograms of spectra (Koch’s 
microphotometer) and the half-value layer. 


Pauui, W. E., and Dennic, H. The per- 
meability of animal and human skin in the 
visible part of the spectrum. Strablentberapie, 
1927, xxvi, 761-766. 

This article describes the measurement of the 
permeability of the skin in the visible part of 
the spectrum and gives a curve iicdne the 
total course of permeability for the rays of the 
spectrum from about to 


Pauui, W. E., and Kurewe, H. Artificial 
increase of the permeability of the skin to 
bactericidal light rays. Strablentherapie, 1927, 
Xxvi, 767-772. 

In a previous number of Strablentherapie the 
authors reported a method of artificially 
increasing the permeability of the skin to 
short wave rays of light. This increased 
permeability was demonstrated by blackening 
photographic films. In addition to making it 
possible for short wave rays to penetrate the 
tissues deeper it seemed that this method 
would make it easier to kill or inhibit the 
growth of bacteria beneath the skin by the use 
of the short wave rays. If so it would be useful 
in phlegmon, panaris, etc. In this article they 
describe experiments on this point. They 
irradiated staphylococci and __ streptococci 
through normal skin and through skin whose 
permeability had been increased by the above 
method. They found marked inhibition of 
growth of both kinds of bacteria after twenty 
minutes’ irradiation through prepared skin 


while there was no inhibition of growth through 
normal skin. 


Pauut, W. E., and Sutcer, E. The bactericidal 
action of roentgen rays and its dependence 
on external factors. Strablentherapie, 1928, 
XxIx, 128-138. 
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The authors’ experiments in_ irradiating 
cultures of different kinds of bacteria showed 
that the bactericidal force of roentgen rays is 
dependent to a great extent on temperature. 
This is probably due to the fact that an increase 
of temperature increases the rapidity of 
division of the microorganisms, and it is known 
that cells are particularly sensitive to roentgen 
rays during karyokinesis. The same thing is 
true of plant embryos, and that is the reason 
why sex cells which are undergoing rapid 
division are so much more sensitive to roentgen 
rays than nerve cells, for instance. 

They also found that giving the irradiation 
in fractional doses, one immediately after the 
other without an interval between them greatly 
increased the bactericidal force of the rays. 
This is because during a_ long-continued 
irradiation every cell at some time reaches 
this stage of roentgen sensitiveness. The more 
the irradiation is divided, the greater the 
probability that it will injure all the cells of 
the culture. The arguments that Holzknecht 
and his school used against irradiating tumors 
with a large dose all at once hold good in the 
irradiation of bacteria as well. 

They also found that colloids by their 
secondary irradiation increase the bactericidal 
action of the rays, a fact that had previously 
been found by other authors in a different 
kind of experiment. 


Peter, Gustav. The question of vessel 
permeability in the irradiation of malignant 
tumors. Strablentberapie, 1927, xxvi, 735-748. 


The author was obliged to adopt the method 
of repeated small doses because he found that 
on the high plateau of Mexico (2300 meters 
above the sea) it was impossible to use a single 
large dose because it caused roentgen sickness 
and particularly injured the blood, without 
doubt due to the lack of oxygen. This in 
connection with a clinical case of epithelioma 
of the scleral part of the conjunctiva which is 
described led him to believe that the curative 
action of the rays is due to a change in the 
vessel wall and this must be a change in its 
permeability for certain substances. The pos- 
sibility that vessel permeability is important 
both in the origin and cure of cancer is also 
indicated by other clinical facts, such for 
instance as that paralysis, sy philitic ulcers of 
the leg and cancer may heal after intercurrent 


pnd or scarlet fever. The same thing is 
seen in keloids, eczema, psoriasis and lupus, 
that is, diseases that can be cured by roentgen 
rays. It seems probable that the erythema in 
these cases is responsible for the cure. And in 
connection with the immunity conditions in 
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syphilis it seems probable that the erythema 
dose which cures cancer increases vessel 
permeability for certain substances. It also 
seems probable from certain experiments that 
are described that normal oxidation is the 
protective function which prevents the origin 
and development of cancer. The value of 
irradiation then would lie in Increasing per- 
meability to oxygen itself or to oxidative 
ferments and other catalyzers. Therefore the 
objects of therapeutic technic should be to give 
a dosage of rays which would lead to long- 
continued hyperemia and increase of perme- 
ability without injuring the vessels so that 
they could not react to later irradiations if 
necessary, and to combine roentgen therapy 
with the administration of substances that 
further oxidation at the expense of fermenta- 
tion and prevent hyperacidity of the tissues. 
The author gives alkalies until the reaction of 
the urine is alkaline, and thyroidin and tron. 
The best dosage seems to be that recommended 
by Anschiitz and Hans Meyer in Kiel for 
carcinoma of the breast, that is 14 to 34 H.E.D. 
eight times a year. It will require further 
experimental investigation to show the mini- 
mum dose that meets the requirements for 
increase of permeability. 


Po.itzer, G. The specific action of roentgen 
rays. Strablentberapie, 1927, xxvii, 533-544. 
By specific is meant a kind of action peculiar 

to the sort of stimulus used and not exercised 

by any other kind of stimulus. The changes in 
mitoses in irradiated tissue are examples of 

the specific effect of roentgen rays. There ts a 

primary effect, an interval free of mitoses, and 

a secondary effect. The primary effect is 

characterized by pseudo-amitoses and pycno- 

ses; the secondary effect by destruction and 
deviation of the chromosomes and formation 
of partial nuclei. But after having shown these 
effects it is necessary to show that they are 
not produced by any other kind of stimulus. 
The author made experiments with vital 
stains which color the cells without injuring 
them and found that they caused changes 
similar in many ways to those produced by 
roentgen rays, but not the characteristic 
secondary effect. Experiments by other authors 
are also described which show that electro- 
magnetic waves of different wave lengths not 
only have different effects but sometimes 
directly opposite ones. So experimental work 

seems to show that roentgen rays do have a 

definitely specific action. 


PuGNo-VANONI, E. Roentgen treatment with 


small diagnostic apparatus. Radiol. med., 
Dec., 1928, xv, 1213-1215. 
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An illustration is given showing how a 
simple apparatus for diagnosis without a 
rectifier can be transformed by the addition 
of two condensers and a valve so that it can 
be used for a therapeutic apparatus that is 
more than sufficient for many uses. It can be 
used for tensions up to 190 kv. and currents 
up to 6 ma. without losing its value for diag- 
nostic purposes. The type of ray produced 1s 
sufficient even for deep therapy if only a 
limited number of treatments are to be given. 


Report of the Committee on Standardization 
of x-ray measurements of the Radiological 
Society of North America. Radiology, April, 
1928, x, 318. 


“1. The unit of effective x-ray intensity, 
‘one R,” is that intensity of radiation which 
produces a saturated ionization current of one 
electrostatic unit per cubic centimeter of a 
non-restricted volume of air at a temperature 
of o° Centigrade and a pressure of 760 mm. of 
Hg. 

“>. The method recommended by the 
Committee for the measurement of x-radiation 
in terms of the above unit in a nonrestricted 
volume of air is the employment of an air 
ionization chamber— 

(a) with open windows at the sides of inci- 
dence and energence; 

(b) with guard electrodes sufficiently large 
to insure the desired electric field; 

(c) with suitable spacing of electrodes to 
include sensibly all of the ionizing effects of 
the photo-electrons; 

(d) an arrangement of diaphragms to prop- 
erly collimate the beam and prevent undesired 
secondary radiation effects. 

Such an ionization chamber constitutes an 
‘absolute standard.” 

“3. The measurement of the x-radiation at 
the place of practical application may be made 
by a dosimeter which is calibrated in R-units 
by means of an “absolute standard.” Such a 
dosimeter constitutes an “‘absolute standard.” 

Preferably a practical dosimeter should have 
an ionization chamber in which the measured 
ionization current is proportional to that pro- 
duced in an “absolute standard” with the 
various qualities of radiation employed. The 
constancy of such a dosimeter may be satis- 
factorily controlled by means of a suitable 
radio-active substance properly employed. 

“4. Voltage and filtration alone do not 
properly define radiation quality. Spectro- 
metric analysis of the x-radiation gives the 
most complete determination of its quality. 
For practical purposes the quality may be 
expressed by the half value layer in a suitable 
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material (copper or aluminum is_ recom- 
mended) or by the effective wave length. 

The half value layer for the x-radiation 
employed is that thickness of the given material 
which will reduce the reading of the “absolute 
standard” or “calibrated standard” to one- 
half of its value. 

The effective wave length of the x-radiation 
employed is the wave length of monochromatic 
radiation for which the readings of the “‘abso- 
lute standard,” or “calibrated standard,’ 
would be reduced in the same ratio as that 
actually observed when a certain thickness of 
a given material (copper or aluminum) is 
interposed. 

“5. The Committee recommends that dos- 
age be expressed in terms of r-units and time of 
application, and that the quality of the radia- 
tion be stated in terms of effective wave length 
or half value layer. 

Respectfully submitted, 
Committee on Standardization of X-ray 
Measurements 

Epwin C. Ernst, 
Chairman. 

Ortro GLASSER, PH.D., 
Sub-chairman.”’ 


Rost, F., and Dierericu, W. The effect of 
roentgen rays on vitamine-free food. Strab- 
lentherapie, 1928, xxix, 152-160. 


Experiments are reported in which rats 
were fed with non-irradiated food and with 
the same food after irradiation with roentgen 
rays. Adult rats were used for the experiments 
and the food was deprived of vitamines by 
heating before it was irradiated. With this 
method of experiment the food was not injured 
by roentgen irradiation. On the contrary, when 
rats had been fed with vitamine-free bacon 
that had not been irradiated they seemed to 
do somewhat better when they were given 
bacon that had been irradiated. But the 
improvement was not so marked as when 
they were fed with food given the same pre- 
liminary treatment and then irradiated with 
ultraviolet rays. 


Rostock, Paut. Unusual pigmentation of the 
hair after roentgen irradiation. Strablen- 
therapie, 1928, xxvii, 800-802. 


Breitlinder and Felke recently described a 
case of dark pigmentation of the hair after 
irradiation in a boy aged fifteen who had 
blond hair. The author has recently seen a 
similar case in a man of thirty-two in whom 
the neurological findings indicated a tumor in 
the left hemisphere. On May 18, 1925, a 
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trephine was performed but nothing patho- 
logical was found so the wound was closed. The 
patient was then given roentgen irradiation 
on left, right and posterior fields which resulted 
in improvement in the neurological findings. 
Hard rays were used with a filtration of 3 
mm. aluminum and 0.5 mm. zinc. After the 
first irradiation there was a complete epilation 
of all the fields. The patient had been almost 
bald but when he came back for another 
irradiation on Feb. 12, 1926, there was a 
normal growth of hair on the right side and 
on the occiput, but the hair on the left side 
had become very much darker than the rest of 
the hair which was blond. It was much coarser 
than the normal hair and the cortex was 
intensely pigmented while the center contained 
air. In this case the dark hair was found only 
on the site of operation and not on the other 
fields of irradiation but the operation could 
not have been the cause of it as no operation 
had been performed in Breitlinder and Felke’s 
case. The cause of the phenomenon is not 
known. 


RotrHer, Jutius. Experimental study of the 
effect of roentgen rays on sugar. Srtablen- 
therapie, 1927, xxvii, 197-256. 


Irradiation of the upper part of the abdomen 
of dogs, guinea pigs and rabbits with a large 
dose of roentgen rays caused a rapid rise in 
blood sugar values. In one to one and a half 
hours sugar rose from a normal of 0.10 per 
cent to about 0.17 to 0.19 per cent, and then 
fell gradually. If the irradiation was given 
after two days’ fasting the rise of blood sugar 
did not take place. It was found that the 
sugar came from the liver whose glycogen 
supply was decreased after the irradiation. 
Isolated surviving liver tissue was then exam- 
ined to see whether the glycogen supply 
would be decreased after irradiation. But even 
intense irradiation of either suspensions of 
liver tissue or of the liver removed whole from 
the body did not show any effect on sugar or 
amino acid nitrogen 

The examinations also showed that the 
increase in blood sugar does not take place 
after roentgen irradiation, or is even changed 
into a fatal fall of blood sugar if the splane hnics 
are sectioned on both sides. An injection of 


e rgotamin, which is a vegetative toxin that 
has an inhibiting action on the sympathetic, 
has the same effect as splanchnicotomy. This 
shows that the vegetative connections of the 
liver with the organism must be intact in 
order for a hyperglycemia to take place on 
irradiation. 
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Liver suspensions of guinea pigs irradiated 
during life in addition to the glycogen poverty 
mentioned above showed a decrease of sugar 
and of post-mortem production, as well as an 
increase in the amino acid nitrogen content 
and post-mortem amino acid production for 
an hour in the thermostat. There were no 
histological findings to account for this func- 
tional Impairment. With the doses used death 
occurred in five days. The functional disturb- 
ance was greater the longer the time between 
the irradiation and death. The injury was the 
same whether the Immediate liver region or 
the lower part of the abdomen was irradiated. 
On autopsy the gastrointestinal tract of the 
animals was found full, so hunger could not 
have been the cause of the death of the animals. 
It is more probable that injury of the intes- 
tines by the rays caused them to give off toxic 
products into the circulation. 

There are two possible explanations for the 
effect of irradiation: first, that it is due to 
injury by products of disintegr: ition of cells 
affected by the rays, and second that it is due 
to the action of the rays on colloid electrolytes. 
The author thinks the latter is the more 
plausible. 


RotrMann, H. G. Histology of borderline ray 
erythema. Strablentherapie, 1927, xxvii, 
518-532. 

Changes demonstrable microscopically can 
be found in the skin of the subjects a few 
hours after the irradiation when borderline 
erythema is barely beginning macroscopically. 
They increase considerably in the course of 
the next two days, have not decreased in 
strength after eight days, are weaker after 
twenty-five days but still visible after three 
months. The action of the rays can be seen In 
all the layers of the epidermis and in the vessels 
of the corium and on overdosage also in the 
follicles, without involvement of the paren- 
chyma of the sebaceous glands, and in the 
upper part of the connective tissue (edema). 
The sweat glands generally do not show any 
structural changes; slight swelling of the cells 
and nuclei was visible only with the largest 
doses. The changes in the epidermis consist of 
edema of the cells and nuclei, vacuolization 
and contraction of the nuclei. There were 
granular changes in the stratum granulosum 
which on giving three erythema doses could 
also be seen in spots in the upper cell lavers. 
There were always vessel changes in the corium: 
swelling of the endothelium, great changes in 
the adventitia cells, perivascular cell infiltra- 
tion, chiefly Iymphocytes, fewer leucocytes. 
These changes are not limited to the upper 
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capillaries but also extend to the deeper vessels, 
about to the fundus of the sebaceous glands. 
On the use of large doses there is infiltration 
around the sebaceous glands and hair follicles. 
The retrogression of the anatomical boundary- 
ray erythema is very slow. For three months 
after the irradiation there are still changes in 
the superficial vessels of the corium and an 
intense pigment deposit in the basal cells. A 
histological comparison between boundary- 
ray and roentgen-ray erythema shows that 
they are strikingly alike qualitatively. Aside 
from the changes in the stratum granulosum 
that are not seen in roentgen erythema the 
two can hardly be differentiated. 


Rusin, I. C. Observations on the intramural 
and isthmic portion of the fallopian tubes 
with special reference to so-called “‘isthmo- 
spasm.” Surg., Gynec. er Obst., January, 
1928, xlvi, 87-04. 


The intramural portion of the fallopian 
tube in the living pursues a straight course, 
contrary to what is found in anatomical speci- 
mens whether fresh or formalinized. It is 

capable, like the rest of the tube, of contract- 
ing and dilating. Total obliteration of its 
lumen is very infrequent and when present 
is part of more extensive tubal disease. 
‘“‘Isthmospasm” as an entity has not been 
definitely demonstrated, but tubal contrac- 
tions can be seen with the aid of intrauterine 
lipiodol injection and the roentgenoscope. 
The uterotubal junction (intramural portion) 
appears to be the site of predilection of spasm 
or hypertonicity in a relatively small propor- 
tion of the cases examined. It was demon- 
strated by uterotubal insufflation with the 
aid of the kymograph in 2 per cent of 450 
cases of sterility. It can also be demonstrated 
by roentgenoscope and roentgenogram aided 
by lipiodol and manometric control. A sphinc- 
teric action at the tubo-uterine junction has 
been evidenced in clinical and experimental 
observations. 

From roentgenological studies the tube may 
be divided into two main portions; the first 
a narrow proximal, uterine portion, and the 
second a wider distal abdominal portion. 
The length of the fallopian tube, as revealed 
by salpingogr: iphy, is greater than is apparent 
on inspecting it at the operating table or in 
anatomical examinations. In the living state it 
frequently measures 6 or 9 inches as against 
3 or 4 inches when removed from the body. 
This extended length of the tubes in the roent- 
gen films may be due to a straightening out of 
the tube lumen through the force of the injected 
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fluid. Magnification of the picture on the film 
is very slight. 


SAUER, Fritz, and OBERGUGGENBERGER, VIk- 
Tor. Roentgen rays and electrical conducti- 
bility. Strablentherapie, 1928, xxviii, 589-597. 


Results of the authors’ own experiments 
and of those reported in the literature on the 
influence of roentgen irradiation on _ the 
electrical conductibility of the irradiated 
substance show that the rays bring about a 
great change in gases and non-conductors and 
very little in metals and electrolyte solutions. 
A method based purely on the principle of 
energy and illustrated by two examples gives 
results that agree very well with those of the 
experiments so they may be _ considered 
sufficiently reliable. 


Scumitz, W. Roentgen energy measurements 
with the selenium intensimeter. Fortschr. a. 
d. Geb. d. Réntgenstrablen, 1927, xxxv, 


684-697. 


A careful series of measurements were made 
upon a Siemens diagnostic apparatus and a 
radiosilex apparatus using the following tubes: 
(1) a Miiller water-cooled copper tube for 
measuring the copper Ka line; (2) a Miiller 
water-cooled material investigating tube; (3) 
a Lilienfeld molybdenum tube, and (4) a 
radiology therapy tube. Measurements were 
made of the wave length and of the intensity 
in R-units. Following this, measurements were 
made of the absolute values of the intensity in 
terms of ergs per square centimeter using the air 
thermometer and bolometer. Measurements 
were also made of the effect of the rays defined 
as above upon the selenium cells in terms of 
“r”’ units with consideration of resistance in 
ohms and constancy or fatigue of the cells. 

An analysis of the results shows that the fol- 
lowing points must be considered in the prac- 
tical application of the selenium intensimeter: 
(1) It is desirable to have the readings of the 
instrument greater than 1 F in order to over- 
come the inertia of the apparatus. This require- 
ment is not easily fulfilled when measuring 
hard rays. (2) If the selenium intensimeter is 
to be compared with ionization instruments, 
the wave length of the radiation should be 
known. It is desirable to calibrate the intensi- 
meter in terms of energy values. The calibra- 
tion can be checked with any wave length and 
the procedure is valid for the entire range of 
wave lengths. (3) The intensimeters studied 
exhibited satisfactory constancy in their 
readings. 


ScHNEIDER, G. H. Important technical points 
in establishing a new roentgen institute for 
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treatment. Strablentherapie, 1927, xxvi, 792- 


In establishing a roentgen institute it is not 
advisable to install a universal apparatus for 
diagnosis and treatment both, as it will be dis- 
appointing when great demands are made on it 
for diagnosis and particularly for treatment. 
And besides in case of repair it will be necessary 
to stop both the work of diagnosis and of treat- 
ment. In choosing apparatus for treatment it 
must be remembered that an apparatus of the 
stabilivolt type, the Veifa for instance, can also 
be utilized as an auxiliary in diagnosis, though 
of course its irradiation is not as well adapted 
for that purpose as that of an apparatus 
especially constructed for diagnostic purposes. 
A further increase of tension and current 
strength over that of the types of apparatus 
heretofore in use is not only useless but 
unfounded both medically and_ biologically 
and necessarily involves great danger; and 
care must be given to the conduction of the 
current in order to ensure uniform working 
conditions and guarantee a certain dosage in a 
certain time. The cross section of the wire that 
carries the current from the source is of great 
importance. The current should be derived 
from near the source before lines for lighting 
etc., have been given off as that will ensure 
greater uniformity and strength of current and 
inside the hospital the same wire should not 
be used to supply electric chairs and other 
apparatus. 


ScHNeEIDER, G. H. The importance of exact 
anatomical measurements in roentgen ther- 
apy. Strablentherapie, 1928, xxvii, 751~756. 
The author describes a combination compass 

for all purposes of roentgen measurement 

from a body cavity or a point on the surface 
of the body to another point on the surface of 
the body which ts to be used as the point 
of incidence for the central ray in a field for 
roentgen irradiation. At the same time the 
external roentgen compass can be used for 
an obstetrical compass. The way of taking the 
measurements and their purpose is described, 


and the use of the method in irradiation of 
the prostate illustrated. The importance of 


external measurements in obstetrics is com- 
pared with it and emphasized. The external 
conjugate me asurement of the pelvis, Baude- 
locque’s diameter is compared with a roentgen 
Baudelocque which can be used for irradiations 
of the pelvis in both man and woman. It is 
the distance from the plane of the anterior 
border of the symphysis to that of the posterior 
wall of the sacrum. 


~ 
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Scureus, H. Th. Gauging the Sabouraud- 
Noiré dosimeter in R units and its usefulness 
in practical dosimetery. Strablentherapie, 
1928, xxix, 375-384. 


Critical tests of the Sabouraud-Noiré dosi- 
meter with the physical and biological methods 
in current use for gauging in R units showed 
that it is quite inaccurate In some respects, 
which is hard to reconcile with the results of 
years of practical use of the method. The 
results shown by the tablets are dependent 
on wave length. But with careful use and 
sufficient practice the dosage can be deter- 
mined within 15 to 20 per cent and its depend- 
ence on wave length can also be compensated 
by taking into consideration the hardness of 
the rays. The tests-show very high r values 
for the erythema dose and therefore the 
dosimeter should be tested further and the 
erythema dose decreased if necessary. 


Scuuct, P. The effect of graduated doses of 
roentgen rays of different wave lengths on 
the structure and function of the ovaries. 
Strablentherapie, 1928, xxvii, 603-662. 


Experiments on white mice are described 
and histological pictures given. The castration 
dose for the white mouse was found to be 
54 Rk of a hard radiation. The same effect was 
obtained with a smaller dose, 42 R, of a soft 
radiation. Down to doses of 21 R there was 
an injury of the follicles consisting of a decrease 
in the number of follicles. The primordial 
follicles were not an_ exception; wherever 
there was injury of the other follicles the 
primordial follicles were injured also. These 
results show that temporary castration is not 
absolutely harmless; they also show that the 
theory that the primordial follicles are most 
resistant and are preserved even when the 
others are destroyed is at least doubtful. 
There was no evidence of a stimulant action of 
the rays in this material. Up to seven months 
after administration of a castration dose or 
more up to 140 R there were remnants of 
follicular epithelium and corpus luteum tissue 
but no ova. Changes were found in the inter- 
stitial tissue of the ovaries of the castrated 
animals like those that have frequently been 
described as characteristic of the interstitial 
gland. No differences could be demonstrated 
in the function of the ovaries irradiated with 
hard and soft rays. Rut did not stop after the 
administration of the castration dose or more 
up to 140 R. It was demonstrated after four 
and a half months in all the 45 animals 
examined and after seven months in 11 of 19 
animals examined. 
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Roentgen rays destroy the external secretion 
of the ovary which leads to ovulation but not 
the internal secretion of the hormone that 
causes rut. The production of the rutting 
hormone in the ovaries could not be stopped 
with doses up to two and a half times the 
castration dose and up to a time six months 
after the irradiation. 


Scuuct, R. Experimental investigation of 
injury of offspring by roentgen rays. Strablen- 
therapie, 1928, xxvill, 546-567. 


Experiments in irradiating mice and pairing 
them afterwards are described and the details 
of the results shown in tables. There were no 
malformations of any kind in the offspring but 
those of irradiated mothers did not develop so 
well as those of non-irradiated ones, and the 
fertility of the irradiated mothers was decreased. 
The control mice became pregnant in 100 
per cent of the cases while only 61.9 per cent 
of the irradiated females paired with normal 
males ten days after the irradiation became 
pregnant; of those paired three and a half 
months later only a few that had been given 
less than the castration dose became pregnant. 
When paired with each other the offspring of 
the irradiated mothers remained sterile. When 
the females were paired with normal untreated 
males 40 per cent of them became pregnant. 
This indicates that the male offspring are 
injured more than the females. And the 
average number of young produced was some- 
what less than for normal animals. The estrual 
cycle of offspring of irradiated mothers was not 
strikingly abnormal. Many animals showed 
rut and did not become pregnant while in 
others the cycle was quite irregular and yet 
conception took place. More or less regular rut 
therefore does not exclude sterility. 

The author’s results do not support the 
theory that the malformations. reported by 
some authors are really due to injury from the 
rays in irradiation of the uterus. The only 
injury in the author’s experiments was under- 
development and decreased fertility. 


ScHuLTzE, G. K. F. Dosage in irradiation of 
carcinoma of the uterus in R units deter- 
mined by vaginal measurement. Strablen- 
therapie, 1928, xxvili, 524-545. 

The skin erythema dose is not a reliable 
method of measurement so a dosage in R units 
should be substituted for it. The author 
describes his method of determining surface 
dosage by means of a water or paraffin phan- 
tom, gives illustrations showing the fields 
and the mathematical calculations by which 
the distribution of intensity is determined. 
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He then made direct measurements on the 
patients to see whether the doses actually 
age correspond to the ones calculated. 

is direct measurements showed that in spite 
of every care it is not possible to determine 
accurately by calculation just what dosage 
will be attained in the pelvis; the calculated 
values are only relative and must be controlled 
by direct measurements. These measurements 
were carried out by introducing the chamber 
of the Hammer dosimeter into the vagina 
during the whole period of irradiation and 
counting the number of electrometer dis- 
charges automatically. Care must be taken 
always to put the chamber in the same position. 
Such continuous measurements of course can 
only be made with an instrument with an 
automatic arrangement for discharge and 
counting. The number of electrometer dis- 
charges at the end of the irradiation need only 
be noted and calculated into rR values from the 
tables. This gives the absolute measurement of 
the total dosage in the pelvis. The dosage used 
by the author for the irradiation of carcinoma 
lay between 600 and 800 rR. 


SILVERMAN, DANieEL N., and Denis, WILLY. 
On the relationship of gall-bladder emptying 
to ingested fats. Radiology, July, 1928, x1, 
45-47. 

The authors have shown that while emulsi- 
fied fats when ingested produce emptying of 
the functioning gall-bladder, absorption of the 
fat into the blood bears no relation to this 
process. 


Simon, Moritz. Stray remarks on the history 
of medical radiology in Sweden. Acta radiol., 
1926, vii, 476-490. 

Brief accounts are given of the activities of 
the first three Swedish roentgenologists, 
namely, Dr. Thor Stenbeck, Dr. T. Sjégren, 
and Dr. I. Bagge. Remarks are also included 
on the roentgen-ray work done in Swedish 
hospitals during the first decennium of roent- 
genology. A more detailed account is given of 
the daily roentgenological work in 1907 at the 
roentgen institute of the Seraphim Hospital. 
Finally there is included a tabulation of the 
various Swedish hospitals and sanatoria and 
the nature of their roentgenological work. 


Sotomon, Iser. Determination of the quality 
of roentgen radiation in practice. Strablen- 
therapie, 1928, xxix, 534-542. 


The author believes that the quality of 
radiation should be measured by the absorp- 
tion method. The results of this measurement 
should be expressed in degrees of permeability 
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of a layer of sheet copper 0.5 mm. thick or in 
terms of,the copper half-value layer. It is 
preferable to work with measuring apparatus 
that permits of immediate and continuous 
reading of the degree of permeability of the 
radiation used. 


SPIEGLER, GOTTFRIED. A circuit for protection 
of the tube. Fortschr. a. d. Geb. d. Réntgen- 
strablen, 1927, xxxv, 786-787. 


A description is given of a circuit which 
makes it impossible to apply current to a 
Coolidge tube without the heating circuit 
being turned on. The arrangement at the same 
time switches off the high tension current 
should the filament circuit fail during operation 
of the tube. The essential feature of the appara- 
tus is the employment of a solenoid through 
which the filament current must pass. The 
solenoid controls an auxiliary circuit which in 
turn controls the opening or closing of the 
high tension circuit. 


SremnBacn, R. Method for measuring distances 
in the interior of the body upon the roentgen 
screen, illustrated by measurements of the 
transverse diameter of the heart. Fortschr. 
a. d. Geb. d. Réntgenstrablen, 1927, xxxv, 
1259-1264. 


If the plane of the screen is placed parallel 
to any line whose depth in the interior of the 
body is known, its true length may be easily 
calculated from the geometry of the system. 
The technique followed by the author in the 
case of measurement of the diameter of the 
heart is as follows: The patient is placed 
against the stand of the roentgenoscope and 
the screen is brought close to the chest. Care 
is taken to have an exact frontal position. 
After measurement of the apparent transverse 
diameter, the screen is carefully moved 8 cm. 
away from the patient and another measure- 
ment is made. The difference between the two 
measurements subtracted from the length first 
measured gives the required transverse diameter 
of the heart. This is made on the assumption 
that the transverse diameter lies 8 cm. from 
the anterior surface of the thorax. A considera- 
tion of the sources of errors shows that a 
slightly oblique position of the diameter pro- 
duces an error in length which is compensated 
for by the fact that the assumed 8 cm. depth 
is usually less than the actual. A series of 16 
patients were measured by the author’s 


roentgenoscopic method and by teleroentgeno- 
grams, with the result that the average devia- 
tion was only 3.5 per cent from that found in 
the teleroentgenograms. 


| 


Vor. XXI, No.2 International Abstracts of Roentgen and Radium Literature 


Srox.asa, Jutius. The effect of radioactivity 
of water on biological and biochemical 
processes in the cells of lower and higher 
organisms. Strablentherapie, 1928, xxix, 324- 
332. 


Radioactive springs are rich in oxygen. 
more strongly radioactive springs contain 
many bacteria and algae. The development 
of iron bacteria is particularly furthered by 
radioactivity. The typical fresh-water animals 
develop very intensely in radioactive waters. 
The flora and fauna are ordinarily richest in 
moderately acid radioactive waters in which 
the hydrogen ion concentration is 6.2 to 6.8 
and the minimum radioactivity 2.6 mache 
units or 9.464 eman, and which contain at 
least 7 c.c. O» per liter. 

Water was kept in small glass reservoirs 
and radioactive air conducted into some of 
them and air that was not radioactive into 
others. The experiments showed that the 
assimilation and accumulation of elementary 
nitrogen is increased by radioactivity. This 
explains why radioactivity furthers the devel- 
opment of green algae. 

In comparing the water of different springs 
it is found that the best therapeutic effects 
are obtained with the waters of the springs 
richest in radium emanation. Water containing 
radium emanations has a good effect in 
infectious or traumatic inflammations, diseases 
of the central nervous system, disturbances 
of internal secretion, disturbances of meta- 
bolism and constitutional anomalies. There 
is now no longer any doubt of the therapeutic 
effectiveness of radioactive waters. Radium 
emanation furthers all enzymatic processes if 
oxygen is present in sufficient amounts. There- 
fore for practical therapeutic purposes oxygen 
should be conducted mnto the radium bath, 
and during or after the bath the patient should 
inhale oxygen. The greater the amount of 
oxygen available, the more of the radium 
emanation can be utilized for enzymatic 
processes. The action of oxydases and peroxy- 
dases is greatly increased by radium emanation. 
Radium emanation has a_ good 
spermatogenesis and ovulation. 

It seems very probable that in many cases 
cells have a selective action for alpha or beta 
rays. This fact and the different degree of 
energy of the different kinds of rays probably 
explains some apparently paradoxical effects 
of irradiation with radioactive substances. 


The 


effect on 


Takeba, T. The biological effects of incor- 
porated radioactive substances (thorium x 
rods) from experiments on testes. Acta 
radiol., 1927, vill, 130-145. 
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A study was made of the reactions occurring 
in the tissue of a very radiosensitive organ, 
the testicle, produced by the introduction of 
rods of thorium x. The progress of the histologi- 
cal changes in the tissues were followed from 
two hours to ninety-seven days. The initial 
strength of the inserted thorium x was varied 
in order to establish the relation of the extent 
of changes produced to the strength employed. 
The experiments were performed on mature 
rats using thorium x rods of 0.4 mm. diameter 
and 0.25 to 0.40 cm. long, containing 0.5 mc. 
per cm. The effective radiations emitted were 
of the beta and gamma type. The alpha radi- 
ation was practically screened off by inert 
material present. During the early stages 
of irradiation there occurred infiltration of 
leucocytes with pycnotic signs in the cells. 
Immediately adjacent to the radioactive rod 
the spermatogonia showed slight degeneration. 
After five days’ exposure the testis was pro- 
nouncedly hyperemic. Immediately adjacent 
to the rod the contours of the canaliculi were 
only faintly visible and their interior was filled 
with cell shadows and debris. There was also 
present the debris of the leucocytic infiltration 
occurring during the early stage. The necrotic 
zone was about 2.5 mm. in diameter and at its 
boundary there was a dense infiltration of 
partly injured leucocytes, the small vessels 
being congested. Nowhere in the preparation 
were there any signs of spermatozoa. With 
increasing time of exposure the necrotic area 
increased in diameter r, and there developed a 
dense network of connective tissue followed 
by pronounced contraction of the organ. 


TARANTINO, E. Measuring high tensions with 
the spintherometer and relative corrections. 
Radiol. med., May, 1928, xv, 454-462. 


Tarantino reviews the methods of measuring 
the high tensions of roentgen apparatus and 
then discusses spintherometers, and particu- 
larly the corrections which must be made in 
order to get good spintherometric measure- 
ments. He gives four tables which will help the 
roentgenologist in measuring tension by the 
new apparatus. The first of these tables shows 
the curves of the different types of spinthero- 
meter; the second shows a diagram of the 
factor of correction; the third shows the varia- 
tions in barometric pressure due to altitude; 
and the fourth shows very clearly all the results 
given by the preceding tables in relation to 
normal conditions of pressure and temperature. 


TayLor, Henry K. Potter-Bucky table 
adapted for multiple exposures. Radiology, 
June, 1928, x, 506-509. 
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The device described was adapted to an 
Acme-International Potter-Bucky table No. 
3, within the depressed portion of which is 
placed a piece of sheet lead (4 pounds to the 
square inch) measuring 20 X 25 inches. In 
the exact center of the lead sheet an opening 
514 X 4%¢ inches is cut, the larger measurement 
being crosswise. The opening allows for six 
exposures on a 11 X 14 film. This lead sheet is 
enclosed in a tightly fitting black vello cloth 
envelope. It is not necessary to remove this 
from the table when doing routine work, for 
it is easily displaced to either end of the table. 
Within the Bucky tray three strips of wood 
are placed which permits the entry of an 
11 X 14 cassette and also permits a displace- 
ment of 516 inches crosswise. The table i 
equipped with a rod along the entire side which 
is utilized for attaching a compression band 
and a shoulder about one inch wide which 
rides over this rod is constructed. After the 
lead sheet is placed on the table, the patient 
is roentgenoscoped and the desired part brought 
into the field and the 11 X 14 cassette with 
strips of wood placed in the Bucky tray. The 
grid is moved so that the edge of the film cor- 
responds to the overhanging portion of the indi- 
cator and then locked in place. After the 
first exposure, the grid is moved so that the 
fastening nut corresponds with the second 
notch, and for the third exposure moved to 
the third notch. After this the cassette is 
shifted 544 inches in the tray and is in place 
for the fourth exposure, and others taken as 
above described. Multiple exposures can be 
taken with a considerable saving in time and 
expense. Two illustrations are given of multiple 
exposures of pylorus and duodenum, and also 


of the gall-bladder. 


Tuoms, HERBERT. X-ray pelvimetry—a simpli- 
fied technique. Surg., Gynec. e* Obst., 1927, 
xlv, 827-828. 

One of the chief essentials is that the patient 
shall be placed in such a position that the 
superior strait becomes parallel to the sensitive 
plate. This is possible when the patient is in a 
semirecumbent position with the back more or 
less arched. 

In order to determine the level of this plane 
two points are identified on the external surface 
of the body; one on the anterior and upper 
border of the symphysis pubis and the other 
posteriorly at the depression just below the 
spine of the fourth lumbar vertebra. An 
imaginary line between these points traverses 
the anteroposterior diameter of the superior 
strait. For purposes of identification a small 
strip of adhesive is placed over the posterior 


landmark. By means of calipers these two 
points are placed equidistant from the plane 
upon which the patient sits. This distance is 
also measured for purposes to be explained 
later. 

With the patient in position the tube is 
centered by means of a plumb-line and placed 
at a distance 36 in. above the sensitive plate 
over a point 5 5 cm. posterior to the upper and 
posterior hneder of the symphysis. 

After the exposure is made the patient is 
removed from the apparatus with the tube 
and sensitive plate still in position. The 
distance of the height of the superior strait 
above the plane upon which the patient sat 
having previously been determined with cali- 
pers, a lead sheet is placed in the same plane 
and another flash exposure made on the same 
film. The lead sheet used is about 1 cm. thick 
and contains a row of very small holes exactly 
I cm. apart, every fifth hole being marked by 
a second offset hole. 

On developing the plate an outline of the 
superior strait is readily seen slightly and 
equally enlarged, with a series of dots through 
the plane representing the ‘“‘corrected”’ centi- 
meters. From this the anteroposterior diameter 
may be read off directly with the aid of a 
pair of calipers. This procedure is regarded as 
one of unusual simplicity. 


ULLMANN, K. Effect of roentgen rays on hair 
growth and hair pigment. Strablentherapie, 
1928, xxix, 291-302. 

Literature is cited showing that there is 
sometimes an increased growth of hair with 
darker pigment following roentgen irradiation 
with low doses or the action of secondary 
radiation on parts of skin exposed to it unin- 
tentionally in treatment of the scalp and beard. 
Microscopic examination also shows greater 
development of pigment, especially in the 
medulla of the hair. This increased formation 
of pigment can also be demonstrated in the 
new hair that grows from the root after 
epilation. This effect of roentgen rays on hair 
has been overlooked as the rays have generally 
been used in large doses for purposes of epi- 
lation. It is probable that with weak irradiation 
and the selection of certain qualities of rays 
and particularly with finer methods of measure- 
ment the rays could be used cosmetically to 
bring about growth of hair. This is evidently 
a sort of rejuvenation of tissue due to stimulant 
action of the rays. 


Wa tcu, H., pEN Hoep, D., and Koopman, L. J. 
Comparison of the absolute k unit with the 
French rR unit. Strablentherapie, 1928, xxix, 
524-5206. 
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Measurements are reported which show, as 
do the examinations made by other investi- 
gators, that Solomon’s ionometer is _ not 
sufficiently independent of tension, and differ- 
ent instruments made by the same factory 
give different results. The authors think that 
this proves that this instrument cannot be 


used as a standard. But Solomon’s method of 


measurement can be used for control anywhere 
where radium is available. 


Wacter, B. On the best formulas for calculat- 
ing the absorption of roentgen rays by any 
substance. 11. Fortschr. a. d. Geb. d. Rintgen- 
strablen, 1927, xxxv, 1308-1310. 


A more precise analysis has been made of 


the values given in the first communication 
covering the absorptions reported for homo- 
geneous radiations. As a result, the Richtmyer 
formulas have been revised slightly to yield 
better correspondence with experimental obser- 
vations. The improved Richtmyer equations 
are: 


13.94 
= 0.0160 X 
p A 
N 4.30 
= 0.000522 X x Xr? 
p A 


Recently Allen has proposed a new pair of 


equations closely resembling the Richtmyer 
type. These are: 
N‘ 
= 0.0132 


x 


N4 
O18! 
0.00 A 


The author presents a comparison of the 
individual and mean deviations from the true 
values of absorption coefficients for the ele- 
ments carbon, aluminum, iron, copper, molyb- 
denum, silver, tin, tungsten, platinum, gold 
and lead as calculated by the original Richt- 
myer equations, the author’s modification of 
these equations and Allen’s new equations. 

A tabulation shows that the Allen formulas, 
although they yield fairly close agreement in 
the case of some elements, show for the series 
above enumerated an average deviation greater 
than that given by the other two formula 
pairs. The original Richtmyer formulas yield 
smaller average deviations but the smallest 
is given by the author’s formula pair. This 
average deviation is 20 per cent less than that 
yielded by the Richtmyer formulas for 
absorption of roentgen rays of wave length 
between 0.1 and 1.0 A units. 


II 


Wa ter, B. The best formulas for the calcula- 
tion of the absorption of roentgen rays by 


any substance. Fortschr. a. d. Geb. d. Rént- 
genstraklen, 1927, Xxxxv, 929-947. 


As is well known, the absorption of roentgen 
rays by any substance can be calculated 
approximately from the atomic weights of 
its components by means of certain formulas. 
The equations tested by the author were the 
following: 

(1) That of R. Glocker based on the old work 
of Barckla who employed radiations not 
entirely homogeneous. These formulas are as 
follows: 


p 

= 

p 


where yp is the absorption coefficient, p is the 
specific gravity of the substance, N is the 
atomic number and } the wave length in A 
units. 

(2) The formulas of Allen which were 
obtained with somewhat more homogenous 
roentgen rays: 


p 
; 

= 
p 


(3) The formulas of Richtmyer based on his 
extensive measurements of atomic absorption 
coefficients: 


14 
m N 
= a 6 3 
0.0136-,-A 
” N4:3 


= 0.000529 A 3 


p 
In this last equation A is the atomic weight of 
the element. 

The author subjected these equations to test 
and found that the last, the equations of 
Richtmyer, gave the smallest deviations from 
experimentally determined values. Neverthe- 
less, in special cases, errors of 20 to 30 per cent 
of the actual value are shown even by this 
pair of equations. In 80 to 90 per cent of the 
cases under examination the magnitude of 
deviation given by these equations was less 
than 10 per cent. The equations of Glocker 
yield deviations twice as great, while the devia- 
tions in the Allen equations lie between the 
two extremes. 

From the mass absorption coefficients of 
the chemical elements, it is possible to calculate 
by means of the 

the of any compound or 
any physical mixture of compounds provided 
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the proportions of the elements are known. 
Mi Me 


Pi pe 
the absorption coefficients of the various 
elements, and m;, mz the corresponding masses. 


In this last equation represent 


WUCHERPFENNIG, V. Dosage with Sabouraud 
tablets based on the aluminum half-value 
layer. Strablentherapie, 1927, xxvii, 353-357. 


The Sabouraud tablet is very much depend- 
ent on wave length and in order to determine 
dosage with it correctly in roentgen surface 
therapy the quality of the roentgen rays must 
be taken into consideration as is done in the 
biological gauging of Ritter, Rost and Kriiger. 
But the quality of the rays is influenced by the 
height of the tension, the tension curve, the 
“range”’ of the roentgen tube and the thickness 
of the glass wall of the tube. The filter action 
of the glass wall of the tube may in some cases 
be equal to that of 0.5 mm. aluminum. The 
extent of all these sources of error is discussed 
and the aluminum half-value layer proposed as 
a measure of quality. 


YamasaklI, Iwao. Radium hemolysis. Strablen- 
therapie, 1928, xxix, 363-366. 


Pronounced hemolysis by radium emanation 
was observed by Salomonsen and Dreyer. The 
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examinations were first made in hanging drops 
and then in Zeiss-Thoma counting chambers. 
By means of his blood agar plate method W. 
Hausmann demonstrated that the beta rays 
of radium also cause hemolysis and that in 
radium preparations of relatively low radium 
content these rays alone produce the effect. 
In experiments with very strong radium 
carriers and in radium preparations in which 
the radium was compressed within a very 
small space, Hausmann and Kerl found that 
with the use of suitable filters hemolysis was 
also brought about by gamma irradiation. 
Many authors formerly reported that 
hemolysis of red blood corpuscles could not 
be brought about by roentgen rays but 
Hausmann and Kerl, in view of the hemolytic 
action of gamma radium rays concluded that 
it was probable that hemolysis could also 
be brought about by roentgen rays and Holthu- 
sen has since proved this. 

But in all these experiments the hemolysis 
was brought about in the presence of atmos- 
pheric oxygen; at the instigation of Hausmann 
the author undertook experiments to determine 
whether radium produces hemolysis in a 
nitrogen atmosphere. The experiments, the 
details of which are described, show that it 
does. In some of the experiments radium 
hemolysis was even stronger in the nitrogen 
matosphere than in ordinary air. 
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